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GLOSSARY  OF  ACRONYMS 

ADt Air  dried  tonnes 

AOX Adsorbable  organic  halide 

AS Activated  sludge 

ASB Aerated  stabilization  basin 

BKP Bleached  kraft  pulping 

BOD Biochemical  oxygen  demand 

BODr BOD  removed  based  on  influent  total  BOD  and 
effluent  soluble  BOD 

COD Chemical  oxygen  demand 

CTMP Chemithermomechanical  pulping 

F/M Food-to-microorganism  ratio 

Fr/M Food-to-microorganism  ratio  based  on 
influent  total  BOD  and  effluent  soluble  BOD 

HRT Hydraulic  retention  time 

MLSS 
Mixed  liquor  suspended  solids--TSS  of 
aeration  basin  sample 

MLVSS 
Mixed  liquor  volatile  suspended  solids--VSS 
of  aeration  basin  sample 

Particulate  BOD Total  BOD  minus  soluble  BOD 

RAS Return  activated  sludge 

RWL Raw  wasteload 

Soluble  BOD BOD  of  sample  filtrate  after  filtering 
through  a   glass  fibre  filter 

SRT Solids  retention  time 

SVI 
Sludge  volume  index 

TOC1 
Total  organically  bound  chlorine 
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(Continued) 

TOX 

TSS 

VSS 

WAS 
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Total  organic  halide 

Total  suspended  solids 

Volatile  suspended  solids 

Waste  activated  sludge 

2 





WASTEWATER  TREATMENT  DESIGN  GUIDELINES 

FOR 
BLEACHED  KRAFT  AND  CTMP 

PULP  AND  PAPER  MILLS 

1 .   INTRODUCTION 

1.1  PURPOSE  OF  THE  DESIGN  GUIDELINES 

The  purpose  of  this  report  is  to  provide  Alberta  Environment 
with  the  tools  necessary  to: 

o   Evaluate  existing  pulp  and  paper  mills  and  their 
wastewater  treatment  systems 

o   Evaluate  the  potential  quality  of  wastewater  dis- 
charged from  new  or  proposed  pulp  and  paper  mills, 

which  will  be  useful  in  determining  the  potential 
effects  of  discharges  on  the  receiving  waters 

1.2  SCOPE  AND  ORGANIZATION 

1.2.1  Scope 

This  report  will: 

o   Describe  and  develop  basic  principles  of  pulp  mill 
wastewater  treatment  design 

o   Compare  bleached  kraft  pulping  (BKP)  and  chemi- 
thermomechanical  pulping  (CTMP) ,   their  waste 
loads,  and  wastewater  characteristics 

o   Discuss  activated  sludge  (AS)  and  aerated  stabili- 
zation basin  (ASB)  design  procedures 

o   Discuss  operation  and  control  for  AS  and  ASB 

o   Look  at  expected  effluent  quality  from  each  of  the 

processes 

o   Examine  requirements  for  upgrading  ASB  stabiliza- 
tion basins  to  improve  effluent  quality 

1.2.2  Organization 

The  report  is  divided  into  eight  sections  to  cover  the  scope 
described  above.  Section  2   discusses  the  BKP  and  CTMP 
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processes  and  how  they  affect  the  wastewater  and  wastewater 
treatment.  The  remainder  of  the  report  is  based  on  design 
of  AS  and  ASB  treatment  processes  as  they  relate  to  BKP  and 
CTMP  wastewater. 

Section  3   is  a   basic  overview  of  the  design  process  and  Sec- 
tion 4   through  Section  6   discusses  components  of  the  design 

in  more  detail.  Section  7   discusses  the  operation  and  con- 
trol of  the  AS  and  ASB  processes.  Section  8   is  a   discussion 

of  achievable  effluent  quality  from  AS  and  ASB  treatment  pro- 
cesses. Section  9   discusses  the  requirements  for  upgrading 

ASBs  to  improve  treatment. 

1.3  LIMITATIONS  OF  INFORMATION  PROVIDED 

It  is  not  possible  to  incorporate  all  of  the  information 
available  or  applicable  to  BKP,  CTMP,  AS,  or  ASB  processes 
in  a   report  such  as  this.  The  purpose  of  this  report  is  to 
provide  tools  for  a   basic  evaluation  of  wastewater  treatment 

systems  serving  BKP  or  CTMP  mills.  It  is  necessary,  there- 
fore, to  limit  the  material  to  serve  this  purpose. 

In  addition,  the  following  limitations  apply: 

o   Pulping,  bleaching,  and  other  internal  processes 
as  well  as  site-specific  factors  can  vary  between 
each  mill;  consequently,  pilot  testing  may  be  re- 

quired to  characterize  treatment.  Therefore,  the 
concepts  in  this  report  do  not  provide  complete 

information  to  design  a   wastewater  treatment  sys- 
tem for  a   specific  mill 

o   The  discussion  is  limited  to  process  and  general 

design  concepts,  and  does  not  cover  detailed  de- 
sign of  individual  components,  such  as  clarifier 

mechanism  specifications,  piping  layout  and  mate- 
rial specifications,  aeration  systems  layout  and 

specifications,  etc. 

o   Discussion  of  treatment  processes  outside  of  AS 
and  ASB  is  limited,  since  the  scope  of  the  report 
is  limited  to  these  two  processes 
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2.  PULP  MANUFACTURING  PROCESS  COMPARISONS 
AND  DESIGN  CONSIDERATIONS 

2.1  BKP  VERSUS  CTMP 

2.1.1  BKP 

BKP  uses  an  alkaline  chemical  process  to  delignify  the  wood. 
Lignin  is  an  oxygenated  aromatic  polymer  with  a   repeating 

phenylpropane  skeleton  that  binds  cellulose  and  hemicellu- 
lose  together  (Casey,  1980).  To  dissolve  the  lignin  and  re- 

lease the  cellulose  and  hemicellulose ,   wood  is  cooked  under 

pressure  and  alkaline  conditions  with  sodium  hydroxide  and 
sodium  sulfide. 

BKP  has  a   relatively  low  yield  (dry  weight  ratio  of  product 
to  wood  input)  in  comparison  to  mechanical  pulping  processes 

because  of  the  chemical  pulping  intensity.  In  addition,  de- 
pending on  the  extent  of  bleaching,  a   significant  amount  of 

fibre  can  be  chemically  dissolved  and  lost.  Discharge  of 
the  organic  constituents  to  the  wastewater  treatment  system 
is  controlled  by  a   chemical  recovery  process  in  which  most 

of  the  pulping  chemicals  are  recovered  and  most  of  the  dis- 
solved organics  are  burned.  Discharges  from  the  recovery 

process,  due  to  upsets  or  capacity  limits,  can  result  in 
large  shock  loads  of  oxidizable  and  sometimes  toxic  material 
to  the  treatment  system. 

Typical  products  manufactured  from  BKP  include  newsprint  and 
tissue  from  semibleached  processes  and  white  paper  products 
such  as  writing  paper,  computer  paper,  fine  tissue,  and  many 
others  that  incorporate  more  rigorous  bleaching  to  achieve 
higher  brightness. 

2.1.2  CTMP 

CTMP  incorporates  mild  (relative  to  BKP)  chemical  pretreat- 
ment of  the  wood  chips  using  sodium  sulfite  under  alkaline 

conditions,  preceded  by  steaming  and  followed  by  refining. 

It  is  not  considered  a   chemical  pulping,  but  rather  a   mechan- 
ical process.  CTMP  has  high  pulp  yields  because  most  of  the 

lignin  remains  with  the  pulp  and  is  not  removed  (dissolved). 
There  is  no  chemical  recovery  system  in  CTMP,  therefore,  the 
pretreatment  chemicals  and  the  organics  which  are  removed  in 
the  process  go  into  the  wastewater  treatment  system. 

High  yields  normally  result  in  low  organic  loads  per  ton  of 
product.  However,  since  there  is  no  chemical  recovery,  CTMP 

waste  loads  can  be  as  high  or  higher  than  low-yield  chemical 
pulping  processes. 
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Since  the  lignin  is  not  removed  from  the  pulp,  the  bright- 
ness of  CTMP  paper  tends  to  deteriorate  (turn  yellow)  quite 

rapidly.  Typical  products  manufactured  from  CTMP  paper  in- 
clude newsprint,  tissue,  nonpermanent  publications,  and 

throw-away  products. 

2.2  PULP  YIELDS 

Table  1   lists  pulp  yields  for  a   variety  of  pulping  proces- 
ses. It  is  evident  from  this  information  that  it  is  possi- 

ble to  utilize  nearly  twice  as  much  of  the  raw  wood  material 
using  CTMP  as  opposed  to  using  BKP. 

Table  1 
PULP  YIELDS  FOR  VARIOUS  PULPING  PROCESSES 

(McCubbin,  1983) 

Pulnine  Process 
Typical 
Yield 

Chemical  Pulps 
Unbleached  Kraft 50  -   55% 
Bleached  Kraft 43  -   48% 
Low  Yield  Sulfite 46  -   55% 

High  Yield  Sulfite 65  -   80% 

Mechanical  Pulps 

Chemithermomechanical  Pulp 80  -   90% 

Thermomechanical  Pulp 91  -   95% 
Groundwood 94  -   96% 

2.3  BLEACHING 

2.3.1  Bleached  Kraft 

The  bleaching  of  kraft  pulp  is  usually  accomplished  with  a 
series  of  stages.  A   typical  bleaching  sequence  includes 
chlorination  with  chlorine  dioxide,  alkaline  extraction, 

chlorine  dioxide  bleaching,  a   second  alkaline  extraction 
stage,  and  a   second  chlorine  dioxide  bleaching  stage.  This 

particular  bleaching  sequence  is  abbreviated  as  Cp-E-D-E-D. 
Code  letters  (Casey,  1980)  are  used  to  describe  the  bleach- 

ing process: 

C   -   chlorination 

E   -   alkaline  extraction 
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Table  3 
CHLORINATED  ORGANIC  COMPOUNDS  FOUND  IN 

BKP  WASTEWATER 

Compounda 

Concentration 
in  Raw  Wastewater 

T0C1 
AOX 
TOX 
Dioxins 
Furans 

3.5-7. 0   kg/ADt 

1

.

0

-

 

7

.

 

8   kg/ADt 

1. 

1

-

 

8

.

0

 

 

kg/ADt 

<0. 1-1 .3  ppt 0.2-7. 6   ppt 

a   TOC1 — total  organically  bound  chlorine;  AOX--adsorbable 
organic  chlorine  (or  halides);  TOX--total  organic  chlorine 
(or  halides).  T0C1  measures  the  organically  bound  chlorine 

in  a   sample,  but  does  not  measure  highly  volatile  chlorin- 
ated organics  such  as  chloroform.  AOX  measures  chlorinated 

compounds  which  are  adsorbed  onto  carbon;  therefore,  it 
does  not  accurately  measure  poorly  adsorbed  compounds  or 
volatile  compounds.  TOX,  as  measured  by  the  APHA  method 
described  in  the  16th  edition  of  Standard  Methods  for  Exam- 

ination of  Water  and  Wastewater,  measures  all  chlorinated 
compounds . 

Note:  Dioxin  and  furans  are  not  predominant  in  concen- 
tration, but  listed  here  because  of  their  suspected  high 

health  risk. 

Sources:  Gergov,  et  al.,  1988;  Donnini,  1988;  Heimbur- 
ger,  et  al.,  1988;  Bryant  and  Amy,  1988;  Cook,  1988,  Hall, 
et  al.,  1988;  Weinbaner  and  Gilbert,  1989;  Amendola,  et 
al.,  1989. 

2.5.5  Toxic  Compounds 

Compounds  toxic  to  aquatic  organisms  found  in  pulp  and  paper 
mill  effluent  can  be  divided  into  three  main  groups: 

o   Resin  and  fatty  acids 
o   Other  organic  compounds 
o   Inorganic  compounds 

Among  the  most  predominant  toxic  compounds  found  in  BKP  and 
CTMP  wastewater  are  resin  and  fatty  acids.  Table  4   lists 
the  compounds  and  their  concentration  ranges  for  raw  waste- 
water  from  BKP  and  CTMP. 
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Table  4 
RESIN  AND  FATTY  ACID  CONCENTRATIONS  FOR 

BKP  AND  CTMP  RAW  WASTEWATER 

Compound 
  Concentration   
Bleached  Kraft  CTMP 

Total  Resin  Acids 

Total  Fatty  Acids 

1-21  mg/L 26-560  mg/L 
28-500  mg/L 

Sources:  Cornacchio  and  Hall,  1988. 

Resin  and  fatty  acids  are  toxic  to  aquatic  life  and  can  re- 
sult in  exceeding  effluent  toxicity  limits  if  they  are  not 

destroyed  in  the  treatment  system.  The  degradation  of  resin 
and  fatty  acids  in  biological  treatment  systems  is  not  well 
documented,  that  is,  the  factors  that  influence  the  extent 
of  degradation  (F/M,  MLSS,  HRT,  SRT,  effluent  TSS,  etc.) 

have  not  been  clearly  determined.  Recent  experience  sug- 
gests that  a   low  F/M  AS  system  or  long  HRT  ASB  system  can 

provide  adequate  removal  of  resin  and  fatty  acids  to  meet 
current  acute  bioassay  toxicity  limits. 

Other  toxic  organic  compounds  commonly  found  in  pulp  mill 
wastewater  include: 

o   Benzene 

o   Ethylbenzene 
o   Phenol 

o   Bis-phthalate 
o   Di-n-butyl  phthalate 
o   Diethyl  phthalate 
o   Anthracene 
o   Toluene 

o   Turpenes 
o   DTPA 

The  concentrations  of  these  compounds  in  BKP  and  CTMP  waste- 
water  are  not  well  documented  at  this  time. 

Inorganic  compounds  such  as  reducing  agents,  chlorine,  and 
metals  are  also  present  in  pulp  mill  effluents  and  can 

affect  the  toxicity  of  the  wastewater.  Some  of  these  com- 
pounds are  destroyed  in  a   biological  treatment  system,  while 

others,  such  as  metals,  may  be  partially  removed  with  the 
solids  in  the  system. 
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3.  GENERAL  APPROACH  TO  TREATMENT  SYSTEM  SELECTION 
AND  DESIGN 

3.1  OVERVIEW 

This  section  describes  the  general  approach  for  determining 

treatment  requirements,  evaluating  treatment  systems,  select- 
ing treatment  processes,  and  preparing  preliminary  and  de- 

tailed designs.  Specific  procedures  for  design  of  the  indi- 
vidual treatment  process  units  will  be  discussed  in  subse- 

quent sections. 

The  general  approach  used  in  developing  process  and  detailed 

designs  for  pulp  and  paper  wastewater  treatment  systems  typi- 
cally includes  the  following  elements: 

o   Evaluate  wastewater  characteristics 

o   Identify  effluent  discharge  requirements 

o   Inventory  site-specific  features 
o   Identify  treatment  options 
o   Evaluate  secondary  treatment  alternatives 
o   Process  selection 

o   Preliminary  design 
o   Detailed  design 

3.2  EVALUATE  WASTEWATER  CHARACTERISTICS 

Wastewater  data  needed  for  design  purposes  includes: 

o   Critical  data 

Flow 
Total  BOD5 
TSS 

pH 

Temperature 
Variability  of  the  above 

o   Other  useful  data 

Soluble  BOD5 

Total  and  soluble  COD 

VSS 

Nutrient  concentrations 

Sulfur 
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Resin  and  fatty  acids 

Other  potentially  toxic  or  inhibitory  com- 

pounds 

Obtaining  these  data  can  be  a   challenge,  particularly  for  a 
new  or  proposed  mill.  For  an  existing  mill,  the  data  can  be 
obtained  from  plant  records  and  by  effluent  sampling.  For  a 

new  or  proposed  mill  the  design  data  should  be  based  on  ex- 
perience, literature,  available  data  from  similar  mills,  and 

information  from  equipment  suppliers. 

Based  on  the  data  obtained,  a   design  raw  waste  load  (RWL)  is 
established.  The  RWL  is  defined  as  the  characteristic  waste- 
water  discharge  from  a   mill  following  primary  treatment. 

Design  RWLs  are  normally  based  upon  wastewater  discharge  lev- 
els that  approach  maximum  loading  conditions  under  normal 

plant  operation.  This  can  be  determined  by  statistically 
evaluating  historic  discharge  records  if  they  are  available. 

The  time  period  used  for  establishing  the  design  RWL  may  dif- 
fer depending  upon  which  treatment  unit  is  being  addressed. 

Aeration  basin  volume  and  clarifier  surface  area  are  often 

sized  according  to  a   peak  30-day  RWL  condition,  while  aera- 
tion and  sludge  dewatering  systems  may  be  sized  for  a   much 

shorter  RWL  time  (a  few  hours  to  a   week).  RWLs  for  new  or 
proposed  mills  should  reflect  conservative  estimates,  since 
actual  data  is  not  available  and  initial  estimates  are  often 

lower  than  the  waste  loads  eventually  experienced.  It  is 
important  to  include  nonprocess  loads,  such  as  spills  and 
stormwater,  as  well  as  process  waste  loads,  in  determining 
the  overall  wastewater  loadings. 

3.3  IDENTIFY  EFFLUENT  REQUIREMENTS 

Effluent  limits  are  often  established  as  categorical  require- 
ments for  specific  effluent  constituents  (BOD,  TSS,  pH, 

etc.).  These  limits  are  based  upon  allowable  unit  values 
(kg/tonne)  established  by  the  regulatory  agency  for  Best 
Available  Technology  (BAT)  and  the  production  capacity  of 
the  mill.  Effluent  limits  for  specific  effluent  constitu- 

ents may  also  be  established  from  an  analysis  of  the  assim- 
ilative capacity  of  the  receiving  water  body. 

Conventional  discharge  parameters  for  pulp  and  paper  opera- 
tions normally  include  BOD5,  TSS  and  pH.  Other  permit  limi- 

tations may  include  nitrogen,  phosphorus,  fatty  and  resin 

acids,  color,  specific  compounds  (such  as  phenol,  chloro- 
form, trichlorophenol,  etc.),  TOX,  TOCL,  AOX,  dioxins  and 
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furans,  and  receiving  water  quality  restrictions.  These  are 

usually  applied  as  necessitated  by  receiving  water  con- 
straints . 

The  specific  terms  and  conditions  of  the  wastewater  dis- 
charge permit  must  be  known  before  the  final  treatment  sys- 

tem design  can  be  accepted.  Initial  evaluations  of  treat- 
ment options,  however,  can  be  undertaken  before  final  devel- 

opment of  the  discharge  permit  limitations. 

3.4  INVENTORY  SITE  FEATURES 

The  location  of  the  mill  site  has  an  impact  on  the  design  of 

the  wastewater  treatment  system.  The  following  site  fea- 
tures must  be  investigated  before  or  during  the  design  pro- 

cess: 

o   Vicinity  features  and  mill  site  boundary 

o   Space  available  for  treatment  systems 

o   Topography 

o   Geology 

o   Mill  and  receiving  stream  discharge  location  rela- 
tive to  treatment  system  site  and  expansion  areas 

established  for  the  mill  and  treatment  system 

o   Climatic  conditions 

o   Hydrological  characteristics  of  the  receiving 
water  body 

3.5  IDENTIFY  TREATMENT  OPTIONS 

Pulp  and  paper  wastewater  treatment  systems  usually  include 
primary  and  secondary  treatment.  Primary  treatment  involves 
gravity  sedimentation  (or  occasionally  air  flotation)  for 
removal  of  settleable  fibre  and  other  process  solids.  Only 

those  process  streams  that  contain  significant  fibre  or  set- 
tleable material  such  as  those  from  the  paper  machine  or 

woodroom  areas  require  primary  treatment. 

Conventional  gravity  clarifiers  are  normally  used  for  this 

application  and  are  designed  according  to  a   hydraulic  over- 
flow criterion.  An  overflow  rate  of  24,400  Lpd/m^ 

(600  USgpd/ft2)  is  a   reasonable  industry  standard;  however, 
selection  of  design  criteria  based  upon  the  results  of  set- 

tling column  testing  is  a   preferred  approach  since  settling 
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rates  will  vary  with  the  type  of  wood  production  processes, 
product  additives  (such  as  clay  fillers  and  titanium  oxide 

brightening  agents),  and  use  of  coagulants.  Primary  clari- 
fiers for  TMP/CTMP  operations  should  be  designed  more  conser- 

vatively since  the  smaller  broken  fibre  produced  in  this  pro- 
cess often  does  not  settle  as  well.  Typical  overflow  rates 

for  these  applications  are  10,200  to  20,400  Lpd/m2  (250  to 
500  USgpd/ft^).  In  fact,  flocculating  mechanisms  may  be 
advisable  for  these  applications  since  coagulant  aids  may  be 

necessary  to  achieve  adequate  settling  in  the  primary  clari- 
fier. 

Sludge  removed  from  primary  treatment  is  normally  dewatered 

by  mechanical  means  (alone  or  together  with  sludge  from  sec- 
ondary treatment)  and  is  disposed  of  by  land  spreading,  land- 

filling,  or  incineration. 

Secondary  treatment  usually  refers  to  biological  treatment 
for  removal  of  organic  constituents  from  the  wastewater. 
For  pulp  and  paper  applications,  this  traditionally  has  been 
accomplished  through  the  use  of  AS  or  ASB  treatment  systems. 

Fixed-film  treatment  systems,  such  as  trickling  filters  and 
rotating  biological  contactors,  have  not  proven  effective  on 
pulp  and  paper  wastewaters. 

In  the  past  5   years,  anaerobic  biological  systems  have  be- 
come more  widely  accepted  for  treatment  of  pulp  and  paper 

wastewater.  These  systems  are  being  used  primarily  as  a   pre- 
treatment step  ahead  of  AS  or  ASB  systems,  since  the  effi- 

ciencies of  anaerobic  treatment  by  itself  is  not  likely  to 

achieve  the  BOD5  reductions  required  to  meet  stringent  ef- 
fluent limits.  This  report  focuses  on  the  AS  and  ASB  forms 

of  secondary  treatment. 

Other  treatment  systems  may  be  employed  if  effluent  limits 
are  extremely  restrictive.  This  could  include  tertiary 

treatment  for  TSS  or  color  removal  or  pretreatment  for  con- 
trol of  specific  toxic  or  inhibitory  constituents. 

Aerobic  biological  treatment  refers  to  a   process  whereby  com- 
mon bacteria  and  other  microorganisms  convert  organic  mate- 

rial to  carbon  dioxide,  water,  and  additional  microorganisms . 

The  removal  of  organics  is  a   function  of  the  mass  of  micro- 
organisms in  contact  with  the  contaminated  water.  The  food- 

to-microorganism  ratio  is  a   measure  of  the  mass  of  organics 
relative  to  the  mass  of  microorganisms  and  is  used  for  de- 

sign and  monitoring  of  biological  treatment  systems.  The 
basic  difference  between  ASBs  and  AS  is  that  in  AS  a   clari- 

fier is  used  to  concentrate  the  mass  of  microorganisms 
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thereby  reducing  the  aerated  volume  from  that  used  for  ASBs. 
Assuming  the  same  biomass  was  present  in  both  an  ASB  system 
and  an  AS  system,  and  both  had  similar  operating  conditions 
(temperature,  nutrients,  and  dissolved  oxygen),  the  soluble 
BOD5  removal  efficiency  should  be  the  same.  Concentrating 
the  microorganisms  in  the  AS  process  also  improves  their 
settling  characteristics,  which  can  reduce  TSS  and  total 
BOD5  in  the  effluent. 

3.5.1  Activated  Sludge 

Figure  1   shows  a   basic  process  flowsheet  for  an  activated 
sludge  process.  The  unique  feature  of  the  AS  process  is  the 

ability  to  maintain  a   very  concentrated  population  of  micro- 
organisms in  the  aeration  basin  for  treatment  of  the  incom- 

ing wastewater.  This  concentrated  population  of  microorgan- 
isms, referred  to  as  mixed  liquor  suspended  solids  (MLSS), 

can  provide  very  effective  BOD  removal  in  basins  often  10  to 
20  times  smaller  than  required  in  the  ASB  process.  The  popu 
lation  of  microorganisms  (MLSS)  is  controlled  by  allowing 
them  to  settle  out  in  a   final  clarifier  and  returning  them 
to  the  aeration  basin  at  a   controlled  rate. 

Wastewater  can  be  introduced  into  the  AS  in  a   variety  of 
ways,  depending  on  specific  treatment  objectives.  It  can  be 
introduced  into  a   short-detention  basin,  known  as  a   selec- 

tor, along  with  the  settled  MLSS  from  the  clarifier,  as  a 
potential  means  of  improving  settling  characteristics.  Or, 
it  may  be  introduced  at  a   single  point  into  a   completely 

mixed  aeration  basin  or  at  multiple  points  for  a   plug-flow 
configuration  to  meet  specific  design  and  operational  objec- 
tives. 

Aeration  equipment  in  the  aeration  basin  provides  the  oxygen 
required  by  the  microorganisms  to  degrade  organics  in  the 
wastewater  and  the  mixing  energy  to  blend  the  wastewater  and 
maintain  the  biological  solids  in  suspension. 

Some  positive  features  of  the  activated  sludge  process  in- 
clude: 

o   A   high  degree  of  control  over  process  variables 
such  as  F/M,  solids  retention  time  (SRT),  and  clar 
ifier  solids  loading  rate  by  adjustment  of  solids 
wasting  and  return  sludge  pumping 

o   Ability  to  handle  reasonable  shock  loads  because 

the  influent  is  effectively  mixed  with  the  con- 
tents of  the  aeration  basin 
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o 

o 

Smaller  site  requirements 

Ability  to  produce  better  quality  effluent  than 
ASBs 

o   Reduced  sensitivity  to  climatic  conditions  such  as 
cold  weather 

Negative  aspects  of  the  activated  sludge  process  include: 

o   More  equipment  and  structures  result  in  higher  cap- 
ital cost  than  ASBs,  unless  ASBs  have  expensive 

liner  requirements 

o   Typically  higher  operating  expenses  than  ASBs  in 

terms  of  nutrients,  operator  attention,  sludge  han- 
dling, and  chemicals 

o   More  complex  process  requiring  more  operator  atten- 
tion and  continuous  sludge  handling  requirements 

3.5.2  Aerated  Stabilization  Basin 

Figure  2   shows  the  basic  flowsheet  for  an  ASB  treatment  sys- 
tem. This  treatment  process  is  simpler  than  AS,  in  that  the 

concentration  of  microorganisms  in  the  aeration  basin  is  not 
controlled  by  the  operators.  The  biological  population  is 
much  lower  (often  10  to  40  times  lower)  than  that  maintained 

in  an  AS  system,  and  reaches  an  equilibrium  level  based  upon 

the  wastewater  characteristics,  BOD  removal,  and  mixing  in- 
tensity in  the  basin.  As  a   result  of  the  lower  concentra- 

tion of  microorganisms,  ASB  systems  must  have  much  longer 
hydraulic  retention  times  to  provide  generally  equivalent 
levels  of  treatment. 

ASB  basins  may  be  designed  singly  or  in  series.  Aeration 

mixing  energy  is  much  lower  than  for  AS  systems.  As  a   conse- 
quence, biological  solids  often  settle  within  the  basin  and 

partially  decompose  anaerobically.  This  is  generally  consid- 
ered a   positive  feature  of  ASB  treatment,  since  continuous 

removal  and  dewatering  of  biological  solids  is  not  required. 
However,  if  sludge  is  permitted  to  accumulate  in  lagoon 
areas  designed  for  treatment,  efficiency  will  eventually 
deteriorate  because  available  treatment  volume  is  occupied 

by  sludge.  Consequently,  zones  for  solids  settling  must  be 

specifically  designed  by  varying  the  aerator  mixing  inten- 
sity or  by  providing  quiescent  zones  having  no  aeration. 
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Attractive  features  of  ASBs  include: 

o   Operational  simplicity. 

o   Lower  capital  cost  than  AS  (if  liner  requirements 
are  minimal) . 

o   Less  operator  attention  is  required. 

o   Lower  operation  and  maintenance  costs. 

o   Sludge  volumes  are  less  than  AS,  and  sludge  handl- 
ing is  only  required  intermittently. 

o   Dechlorination  of  chlorinated  organics  may  occur 
in  the  anaerobic  sludge  layer. 

Negative  aspects  of  ASBs  include: 

o   Large  amounts  of  space  required 

o   Typically  produce  a   somewhat  lower  quality  efflu- 
ent than  AS  systems 

o   More  adversely  affected  by  climatic  conditions 
such  as  cold  weather  and  wind  than  AS  systems 

3.6  EVALUATE  SECONDARY  TREATMENT  ALTERNATIVES 

This  evaluation  process  is  a   general  comparison  of  secondary 
treatment  options  (in  this  case,  AS  and  ASB)  using  accepted 
design  criteria  (i.e.,  does  not  involve  a   detailed  analysis). 

The  objective  is  to  develop  preliminary  unit  sizes  and  per- 
formance estimates  for  selection  of  the  secondary  treatment 

process  (or  group  of  processes)  best  suited  to  site  con- 
straints and  discharge  requirements.  Since  this  is  not  a 

detailed  evaluation,  commonly  accepted  design  criteria  are 
used.  The  items  often  included  in  this  evaluation  are  dis- 

cussed below. 

3.6.1  Streams  to  Treatment 

The  entire  mill  effluent  may  not  require  biological  treat- 
ment. Noncontact  streams  and  very  dilute  streams  that  are 

nontoxic  may  be  bypassed  around  biological  treatment.  Exam- 
ples include  noncontact  cooling  water,  vacuum  pump  seal 

water,  other  equipment  seal  water,  and  sometimes  paper 
machine  water  having  a   low  TSS  concentration.  This  will 
reduce  the  hydraulic  load  to  the  treatment  system. 
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3.6.2  Equalization  Requirements 

High-rate  AS  systems  may  need  equalization  basins  to  level 
fluctuations  in  the  wastewater,  minimizing  the  possibility 

of  process  upsets.  Both  AS  and  ASB  systems  may  need  off- 
line spill  basins  if  the  particular  mill  has  a   demonstrated 

history  of  process  upsets  and  spills.  ASBs  and  extended 

aeration  AS  (low-rate)  systems  often  require  no  equaliza- 
tion, since  it  is  inherent  in  the  aeration  basin  design. 

Equalization  basins  are  typically  sized  on  the  basis  of  a 
statistical  analysis  of  loads  for  existing  mills  and  on  a 
specific  detention  time  for  new  mills.  When  waste  load  data 
are  available  for  an  existing  mill,  the  equalization  basins 
should  be  sized  to  limit  the  load  to  the  secondary  treatment 
system  to  the  peak  design  loading  rate.  Loadings  in  excess 
of  the  design  load  are  stored  in  the  equalization  basin 
until  they  can  be  diverted  back  to  the  secondary  treatment 
system.  For  new  mills,  12  to  48  hours  of  detention  time  may 
be  provided  if  the  process  is  prone  to  having  spills  or  if 
other  operational  benefits  are  identified. 

Excessive  equalization  volume  should  be  avoided  because  of 
the  potential  for  developing  septic  conditions  (which  can 
lead  to  odor  generation)  and  the  potential  for  settling 

sludge  (which  is  difficult  to  remove) .   If  large  equaliza- 
tion volumes  are  needed,  aeration  and  mixing  equipment  may 

have  to  be  installed. 

3.6.3  Cooling  Requirements 

Aerobic  biological  treatment  systems  are  very  temperature 

sensitive  and  normally  do  not  perform  well  above  35  to  37°C. 
AS  and  ASB  processes  may  have  different  cooling  requirements 
since  ASBs  may  experience  a   greater  temperature  loss  because 
of  the  much  larger  basin  sizes.  An  analysis  must  be  made  to 

determine  which,  if  any,  of  the  treatment  processes  will  re- 
quire external  cooling  of  the  wastewater  prior  to  treatment. 

In  addition,  expected  winter  operating  temperatures  should 
be  estimated  since  biological  kinetics  will  be  reduced  at 
lower  temperatures.  One  of  the  major  heat  loss  factors  to 

consider  is  the  type  of  aeration  equipment.  Mechanical  sur- 
face aerators  cause  a   much  greater  heat  loss  than  diffused 

air  systems. 

3.6.4  Aeration  Basin  Size  and  Configuration 

Aeration  basins  for  AS  treatment  are  sized  according  to  the 
organic  loading  to  the  treatment  system  (kg/day  BOD5)  and 
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the  concentration  of  microorganisms  to  be  maintained  in  the 
basin  (referred  to  as  mixed  liquor  volatile  suspended 

solids--MLVSS ) .   The  hydraulic  detention  time  is  not  di- 
rectly considered  in  the  determination  of  the  basin  size. 

By  contrast,  basins  for  the  ASB  process  are  sized  primarily 
according  to  the  desired  hydraulic  retention  time,  since  the 
concentration  of  MLVSS  cannot  be  closely  controlled  and  it 
is  many  times  lower  than  the  concentration  in  an  AS  system. 

Aeration  basin  detention  times  for  AS  generally  range  from  a 

few  hours  to  2   to  3   days,  related  primarily  to  the  concentra- 
tion of  influent  BOD.  Detention  times  for  ASBs  are  usually 

in  the  5-  to  10-day  range,  but  can  be  longer. 

Besides  the  volume,  the  number,  size,  depth,  shape,  and  type 
of  construction  (earthen  or  concrete)  must  be  evaluated  on  a 

case-by-case  basis.  AS  basins  are  normally  single  or  two- 
cell, operated  in  parallel.  ASB  basins  may  be  single  or  mul- 

tiples, operated  in  parallel  and/or  series.  ASB  basins  may 

also  need  additional  volume  provided  for  storage  of  biologi- 
cal solids  that  settle  because  of  low  mixing  intensity. 

According  to  theoretical  models,  the  best  configuration  for 
an  ASB  would  be  plug  flow;  however,  experience  has  shown 
that  strict  plug  flow  is  not  the  best.  The  front  end  of  the 
basin  should  be  completely  mixed  to  reduce  the  effects  of 
shock  loading  and  to  produce  back  mixing.  Back  mixing 

allows  the  incoming  wastewater  to  be  seeded  with  microorgan- 
isms, which  is  necessary  in  an  ASB  system,  where  mixed 

liquor  is  not  recycled.  A   completely  mixed  front  end  sec- 
tion also  makes  it  possible  to  provide  adequate  aeration, 

particularly  when  higher  strength  wastes  are  being  treated. 
Complete  mixing  can  usually  be  provided  by  leaving  the  first 

one-third  of  the  volume  open  (unbaffled)  and  providing  a   pow- 
er density  in  excess  of  5   kilowatts  per  megaliter  (kW/mL) 

(25  horsepower  per  million  gallons). 

3.6.5  Aeration  and  Mixing  Requirements 

Aeration  equipment  must  be  supplied  to  satisfy  both  the  oxy- 
gen transfer  requirements  for  biological  activity  and  the 

energy  for  mixing  the  basin  contents  and  controlling  the  set- 
tlement of  solids  within  the  basin.  In  most  cases,  the 

total  energy  requirement  will  not  be  significantly  different 
between  AS  and  ASB  systems. 

In  AS  systems,  the  energy  required  for  oxygen  transfer  is 
normally  more  than  ample  to  prevent  settling  of  biological 
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solids  within  the  aeration  basin.  Typical  minimum  power  den 

sities  for  AS  systems  are  10  to  15  kW/mL  (50  to  75  horse- 
power per  million  gallons),  to  keep  the  solids  suspended. 

In  contrast,  biological  solids  often  settle  in  ASB  aeration 
basins  because  the  mixing  energy  per  unit  of  volume  is  low. 

Typical  minimum  power  densities  required  to  keep  solids  sus- 
pended in  an  ASB  system  are  4   to  5   kW/mL  (20  to  25  horse- 

power per  million  gallons).  The  settlement  of  these  solids 
is  often  desirable  to  control  the  effluent  TSS  and  to  permit 
storage  and  partial  decomposition  of  the  excess  biological 
solids  that  are  produced  in  treatment.  However,  if  settle- 

ment occurs  in  unplanned  areas,  loss  of  effective  treatment 

volume  and  short-circuiting  may  occur,  with  the  resultant 
loss  of  treatment  efficiency.  Therefore,  in  the  design  and 

placement  of  aeration/mixing  equipment  in  ASB  systems,  care- 
ful consideration  must  be  given  to  mixing  energy  levels,  oxy 

gen  transfer  requirements  (usually  requires  a   minimum  of  1 

to  2   kW/mL) ,   and  to  the  consequences  of  sludge  buildup  with- 
in the  aeration  basin. 

Two  potential  consequences  of  sludge  buildup  were  discussed 
above:  loss  of  effective  treatment  volume  and  short-circuit 

ing.  In  addition,  sludge  releases  soluble  organic  material 
as  it  decomposes,  which  adds  to  the  oxygen  demand  on  the  sys 
tern.  One  advantage  to  this  decomposition  is  the  release  of 

nutrients  to  support  biological  growth.  This  nutrient  re- 
lease is  one  reason  ASB  systems  can  usually  operate  at  lower 

rates  of  nutrient  addition  than  AS  systems.  Another  conse- 
quence of  sludge  buildup  is  that  large  volumes  of  dilute 

sludge, (5  to  8   percent  solids)  must  be  dredged,  handled,  and 
disposed  of  in  a   relatively  short  time. 

3.6.6  Hydraulics 

The  flow  of  wastewater  through  the  treatment  system  may  be 
by  gravity  directly  from  the  mill  sewers,  or  may  require 

pumping  if  gravity  flow  is  hydraulically  impossible.  An  ev- 
aluation of  topography,  soil  conditions,  groundwater  eleva- 

tions, and  other  factors  must  be  made  to  determine  if  treat- 
ment structures  are  to  be  located  above  grade  or  recessed 

below  natural  ground  elevations.  In  AS  systems,  it  is  unde- 
sirable to  pump  from  the  aeration  basin  to  the  final  clari- 

fier because  the  pumping  may  shear  the  biological  floe  and 
adversely  affect  the  settling  properties.  Consequently, 
flow  from  an  AS  basin  to  the  clarifier  should  be  by  gravity, 
if  at  all  possible. 

3.6.7  Clarifiers 

Activated  sludge  systems  require  the  use  of  clarifiers  to 
separate  the  biological  solids  from  the  treated  wastewater 
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for  return  to  the  aeration  basin  and  for  wasting  of  excess 
solids.  The  surface  area  requirements  for  clarifiers  are 
based  upon  an  analysis  of  the  overflow  rate  needed  to  effect 

solids  separation  and  the  floor  area  needed  to  provide  ade- 
quate thickening  of  the  separated  solids.  For  most  AS  appli- 

cations, the  secondary  clarifier(s)  design  will  result  in  a 

solids  loading  rate  from  100  to  150  kg/d-m^  (20  to  30  lb/d / 
ft^)  and  a   hydraulic  overflow  rate  in  the  14,000  to 

22,000  Lpd/m^  (340  to  540  USgpd/ft^)  range.  The  side  water 
depth  should  be  approximately  4.3  metres  (14  feet)  to  pro- 

vide ample  margin  for  separation  of  solids  and  a   buffer  zone 

to  prevent  a   catastrophic  loss  of  solids  if  the  sludge  blan- 
ket begins  to  rise  because  of  minor  upsets  in  the  treatment 

process . 

Many  industrial  AS  plants  perform  effectively  with  just  a 

single  clarifier.  However,  some  designers  feel  that  a   mini- 
mum of  two  clarifiers  should  be  installed  to  provide  some 

backup,  should  one  of  the  units  fail. 

Some  secondary  clarifiers  have  been  constructed  that  are 

over  60  metres  (200  feet)  in  diametre.  Prudent  design  prac- 
tices would  probably  limit  the  maximum  diametre  to  no 

greater  than  40  to  50  metres  (130  to  160  feet),  since  the 

larger  units  are  more  subject  to  problems  from  wind-induced 
currents  and  attempting  to  withdraw  sludge  from  long  radial 
distances. 

3.6.8  Polishing  Basins 

If  permit  limits  for  TSS  and  BOD  are  quite  low,  conventional 
ASB  or  AS  systems  may  not  be  capable  of  achieving  consistent 
compliance.  In  some  cases,  the  addition  of  a   polishing 
basin  may  provide  the  needed  increment  of  additional  removal 
to  reliably  achieve  permit  levels.  A   polishing  basin  may 
also  be  employed  to  provide  an  additional  margin  of  safety 

against  upsets  in  the  biological  treatment  system  (espe- 
cially in  AS  systems). 

Polishing  basins  are  often  designed  to  provide  from  12  hours 
to  2   days  of  detention  time.  This  is  ample  time  to  settle 

out  most  biological  solids  that  have  escaped  from  a   treat- 
ment system  under  upset  conditions.  However,  some  solids 

that  report  in  the  TSS  test  are  not  settleable  even  with 
this  additional  duration  of  quiescent  settling  time.  Minor 
amounts  of  sludge  that  settle  out  in  a   polishing  basin  are 
biological  solids  and  influent  suspended  solids,  which  would 
not  settle  out  in  the  treatment  basin. 
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Polishing  basins  are  not  without  potential  problems.  Sludge 

that  accumulates  will  eventually  need  to  be  removed  and  dis- 
posed of  to  restore  the  hydraulic  retention  time  needed  for 

settling.  Especially  in  the  spring  when  water  temperatures 
in  the  settling  basin  begin  to  rise,  noxious  odors  may  be 
emitted  from  decomposing  sludge  in  the  anaerobic  environment 
on  the  pond  bottom.  Finally,  algal  blooms  during  the  warmer 
months  may  result  in  effluent  TSS  levels  that  are  higher 
than  those  of  the  incoming  treated  wastewater.  A   bypass  is 
sometimes  provided  around  the  polishing  basin,  so  that  if 
the  discharge  permit  is  being  met,  the  problems  listed  above 
can  be  avoided. 

3.6.9  Waste  Sludge  Handling  and  Disposal 

Biological  treatment  results  in  the  growth  of  excess  micro- 
organisms (biological  sludge)  that  must  be  managed  with  pro- 

per disposal.  The  quantity  of  excess  sludge  can  be  signifi- 
cant and  often  is  in  the  range  of  0.2  to  0.5  kg  of  TSS  per 

kg  of  BOD5  removed. 

In  ASB  systems,  the  excess  solids  are  normally  allowed  to 
settle  in  a   selected  zone  of  the  aeration  basin.  The  sludge 
is  reduced  in  volume  through  anaerobic  decay;  however,  after 
excess  accumulation  has  occurred,  it  must  be  removed  from 
the  basin  for  disposal  in  an  acceptable  manner.  This  can  be 
a   very  costly  process,  since  many  million  gallons  of  dilute 
sludge  (5  to  8   percent  solids)  may  need  to  be  removed  and 
partially  dewatered  prior  to  final  disposal. 

In  AS  systems,  excess  solids  referred  to  as  waste  activated 

sludge  (WAS)  must  be  constantly  removed  (normally  on  a   daily 
basis)  to  maintain  proper  operation  of  the  treatment  system 
by  maintaining  a   relatively  uniform  F/M  ratio  and  sludge  age. 
Disposal  options  for  this  waste  sludge  must  be  thoroughly 

evaluated  during  the  process  evaluation  stage  since  the  de- 
watering and  disposal  can  often  be  the  most  costly  part  of 

the  overall  treatment  operation.  Disposal  options  are  usu- 
ally limited  to  land  spreading,  landfilling,  or  incineration. 

The  type  of  sludge  handling  and  dewatering  equipment  that 
will  be  necessary  to  handle  the  dilute  sludge  removed  from 
the  clarifier  will  be  dictated  in  part  by  the  final  disposal 

options.  Consequently,  a   very  thorough  evaluation  of  op- 
tions must  be  made  as  part  of  the  AS  process  design. 

3.6.10  Effluent  Quality 

The  effluent  quality  required  to  comply  with  the  discharge 
permit  will  be  a   major  influence  on  treatment  process 
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selection  and  design  of  the  treatment  units.  Traditional 
permits,  primarily  requiring  control  over  BOD5  and  TSS,  were 
satisfied  with  conventionally  designed  AS  or  ASB  systems. 
The  choice  between  systems  was  usually  based  on  economics. 
More  recent  permits  require  compliance  with  a   number  of 

toxicity-based  standards  that  may  include  bioassays,  resin 
and  fatty  acids,  chlorinated  organics  (TOX,  AOX,  TOOL),  and 
dioxin  and  furans.  Receiving  stream  DO,  lower  BOD  and  TSS 
values,  and  control  of  nitrogen  and  phosphorus  may  also  be 
part  of  evolving  permit  terms. 

AS  and  ASB  systems  may  not  be  equivalent  in  their  abilities 
to  achieve  some  of  these  new  permit  controls.  There  is  not 
a   great  deal  of  available  information  regarding  the  ability 
of  these  systems  to  remove  some  of  the  specific  toxicants. 
Consequently,  upcoming  designs  will  need  to  rely  heavily  on 

ongoing  research  and  testing  of  existing  systems.  AS  sys- 
tems have  traditionally  demonstrated  the  capability  of 

slightly  higher  BOD  and  TSS  removals  than  ASB  systems. 
Whether  this  is  also  true  for  toxicity  reduction  is  not  well 
demonstrated.  Quite  likely,  both  treatment  processes  can  be 
adapted  to  achieve  tighter  toxicity  and  other  permit  terms; 
however,  changes  in  the  design  criteria  will  surely  be 
needed.  This  could  take  the  form  of  lower  F/M  designs  for 
AS  (extended  aeration)  and  longer  detention  times  with  multi 
pie  staging  for  ASB  systems.  Additional  control  measures 
will  likely  also  be  necessary,  depending  on  the  specific  per 
mit  terms  for  each  mill. 

Typical  discharge  limits  for  new  sources  in  the  pulp  and 
paper  industry  are  shown  below: 

Category /Pollutant 
Maximum  Day 

(ka/ADt  ) 

Average 

(ka/ADt) 

Market  Bleached  Krafta 
BOD 10.3 5.5 
TSS 18.2 9.5 

pH 

— 
5. 0-9.0 

CTMPa BOD 4 . 6 2.5 
TSS 8.7 

4 . 6 

pH 

— 5. 0-9.0 

aSource  of  information:  The  U.S.  Code  of  Federal  Regula- 
tions, 40.430,  Subpart  G,  and  Subpart  M. 
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3.6.11  Cost 

As  in  the  past,  decisions  about  process  selection  will  be 
driven  primarily  by  cost.  However,  the  operating  costs  will 
probably  be  much  higher  for  compliance  with  the  new  permit 
provisions,  and  consequently  will  be  a   major  factor  in  the 
decision  process.  Process  reliability  will  also  become  a 
more  important  factor  in  process  selection  decisions. 

3.7  PROCESS  SELECTION 

Selection  of  the  treatment  process  will  be  the  concluding 
step  in  the  process  evaluation  study.  The  decision  to  use 
either  the  AS  or  ASB  form  of  biological  treatment  will  be 
made  after  considering  the  many  factors  involved,  including 
pretreatment  requirements,  site  availability,  expandability, 

ability  to  achieve  permit  requirements,  reliability,  operat- 
ing labor  requirements,  cold  weather  operation,  capital 

costs,  and  operation  and  maintenance  costs. 

3.8  PRELIMINARY  DESIGN 

A   preliminary  design  report  is  prepared  following  process 
selection  to  provide  a   detailed  description  of  the  process 
design  basis  for  all  of  the  treatment  units  that  make  up  the 
treatment  system,  a   physical  layout  showing  how  the  system 

will  be  configured  on  the  site,  and  a   description  of  the  op- 
erational and  control  strategy.  This  document  will  be  re- 

viewed by  the  mill  and  the  agencies  to  reach  agreement  on 

the  general  design  basis  before  work  proceeds  on  the  de- 
tailed design. 

The  preliminary  design  report  contains: 

o   Treatment  system  description  with  general  flow- 
sheet and  layout 

o   Treatment  objectives  including  effluent  discharge 
and  sludge  disposal  requirements 

o   Design  basis  with  a   description  of  wastewater  char 

acteristics  and  treatability,  design  criteria,  hy- 
draulics, aeration  requirements,  equipment  descrip 

tions,  and  equipment  control  requirements 

o   Construction  details  of  the  facility  and  the  con- 
struction schedule 
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o 
Operating  requirements  such  as  temperature  con- 

trol, nutrient  addition,  sludge  handling,  and 
requirements  for  maintaining  a   healthy  biological 

system 

o   A   section  on  optional  considerations  should  be  in- 
cluded to  provide  information  on  auxiliary  sys- 

tems, optional  control  equipment,  and  backup  equip- 
ment for  the  system 

3.9  DETAILED  DESIGN 

The  purpose  of  the  detailed  design  is  to  produce  documents 
that  can  be  used  to  purchase  equipment  and  construct  the 
treatment  system  based  on  the  predesign  report.  It  includes 

drawings  and  specifications  detailing  the  equipment,  struc- 
tures, mechanical  design,  instrumentation  and  control  system 

and  the  electrical  design.  The  level  of  detail  will  vary, 
depending  on  the  method  of  project  delivery  and  on  the  needs 
of  the  individual  pulp  and  paper  mill. 
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4.  PRETREATMENT  DESIGN  PROCEDURES 

As  discussed  in  Section  3,  there  are  a   number  of  possible 
treatment  processes  that  may  be  required  before  biological 
treatment.  This  section  addresses  the  following  topics: 

4.1  IN-MILL  SPILL  CONTROL 

In-mill  spill  control  is  primarily  applicable  to  bleached 
kraft  mills  because  of  the  spills  that  may  occur  in  the 

liquor  recovery  area.  BKP  liquor  has  a   very  high  BOD  concen- 
tration; relatively  small  spills  or  leaks  in  the  liquor  re- 

covery system  can  have  a   major  impact  on  the  raw  waste  load 
and  on  shock  loads  to  the  secondary  treatment  system.  Stock 
spills  are  also  of  concern,  both  for  BKP  and  CTMP,  because 

they  put  a   large  load  on  the  primary  treatment  system  and 
the  sludge  dewatering  system.  Some  of  the  fibre  may  carry 
over  into  the  secondary  treatment  system. 

Two  major  causes  of  spills  in  the  liquor  recovery  system  are 

limited  weak  liquor  storage  and  limited  capacity  of  the  evap- 
orators, which  concentrate  the  weak  liquor  so  that  it  can  be 

burned.  If  spills  occur  routinely  because  of  limited  liquor 
storage,  additional  storage  capacity  should  be  provided  to 

accommodate  fluctuations  in  production  or  evaporator  opera- 
tion. If  evaporator  capacity  is  inadequate,  few  options  are 

available  for  reducing  the  liquor  losses  to  the  sewer. 

These  include  installation  of  additional  evaporator  capac- 
ity, installation  of  a   preevaporator  concentrator,  or  reduc- 
tion in  production.  All  of  these  measures  are  quite  expen- 

sive. 

In  general,  collected  liquor  spills  can  either  be  returned 

to  the  recovery  system  or  slowly  fed  to  the  wastewater  treat- 
ment system. 

4.2  EQUALIZATION 

The  purpose  of  equalization  basins  is  typically  to  level 
flows  and  loads  (BOD  and  TSS).  Equalization  of  flows  for 

pulp  and  paper  mills  is  not  usually  required  since  the  flow- 
rate  to  the  treatment  system  does  not  fluctuate  a   great  deal. 

o 
o 
o 
o 
o 
o 

In-mill  spill  control 
Equalization 

pH  control 
Primary  treatment 
Nutrient  addition 

Temperature  control 
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Wastewater  contaminants,  on  the  other  hand,  can  fluctuate 

widely  for  both  BKP  and  CTMP,  depending  on  production,  mill 

operation,  and  spills.  For  BOD  loads  to  treatment,  peak-to- 
average-month  ratios  often  fall  in  the  1.2  to  1.7  range, 
while  peak-day  to  average-day  ratios  are  usually  in  the  1.5 
to  2.0  range.  Suspended  solids  variability  for  BKP  is  nor- 

mally the  same  as  for  BOD,  if  primary  treatment  precedes  a 
biological  system. 

Equalization  is  usually  needed  only  for  high-rate  treatment 
systems,  especially  AS.  Large  aeration  basins  provide  built- 
in  equalization  capability.  For  existing  mills,  the  sizing 
of  an  equalization  basin,  if  necessary,  can  be  determined 
from  a   statistical  analysis  of  historic  wastewater  data. 

Equalization  basins  are  designed  to  reduce  peak  flows  and/or 
loads  to  reasonable  design  conditions.  By  reducing  the 
peaks,  the  capacity  of  the  treatment  system,  particularly 

the  aeration  equipment,  may  possibly  be  reduced.  The  sav- 
ings realized  from  such  a   reduction  must  be  weighed  against 

the  cost  of  constructing  and  maintaining  the  equalization 
basin. 

An  equalization  basin  can  be  either  an  earthen  structure  or 

tankage  (fabricated  steel  or  concrete).  The  size  is  determ- 
ined on  a   case-by-case  basis  depending  on  the  extent  to 

which  equalization  is  required. 

4.3  pH  CONTROL 

Bleached  kraft  wastewater  pH  often  swings  between  acidic  and 
alkaline  conditions,  depending  on  plant  processing  events. 
CTMP  wastewater  is  typically  neutral  to  alkaline.  The  pH 
control  system  should  be  designed  to  control  the  pH  in  the 
aeration  basin  to  between  6.5  and  8.5.  This  does  not  neces- 

sarily mean  that  the  wastewater  feed  must  be  kept  within 
this  range,  since  biological  treatment  may  effect  a   pH 
change  in  the  basin. 

It  is  difficult  to  control  the  aeration  basin  pH  using  a 
feedback  instrumentation  control  loop,  since  the  large  basin 

volume  reacts  too  slowly  to  changes  in  acid  or  caustic  addi- 
tion. The  preferred  approach  is  to  use  a   feedback  control 

loop  to  maintain  the  influent  within  a   narrow  control  band 
and  to  observe  the  resultant  aeration  basin  pH. 

The  control  band  setpoint  is  then  adjusted  appropriately  to 

produce  an  aeration  basin  pH  that  is  within  the  range  speci- 
fied for  optimal  biological  treatment. 
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It  is  important  to  the  performance  of  a   biological  treatment 
system  (especially  AS)  that  the  pH  be  maintained  between  6.5 
and  8.5.  Widely  fluctuating  pH  conditions  or  pH  operating 
levels  outside  of  this  range  frequently  result  in  impaired 

treatment  performance,  including  changes  in  microbial  spe- 
cies (including  filamentous  organisms)  and  reduced  mixed 

liquor  settleability  in  AS  systems. 

4.4  PRIMARY  TREATMENT 

The  objective  of  primary  treatment  is  to  remove  settleable 
suspended  solids  from  wastewater  streams.  This  is  primarily 

accomplished  using  gravity  sedimentation  clarifiers;  how- 
ever, dissolved  air  flotation  or  settling  ponds  are  also 

used. 

Primary  treatment  is  necessary  to: 

o   Maintain  compliance  with  effluent  TSS  limits 

o   Minimize  accumulation  of  sludge  in  ASB  systems 
that  would  subtract  from  available  treatment  vol- 
ume 

o   Easily  remove  some  BOD  (associated  with  the  sol- 
ids) prior  to  biological  treatment 

o   Remove  solids  that  would  result  in  a   larger  aera- 
tion basin  and  secondary  clarifiers  due  to  the  ac- 

cumulation of  the  solids  in  the  mixed  liquor 

o   Prevent  high  loading  on  secondary  clarifier  mechan 
isms  and  potential  plugging  of  sludge  withdrawal 

piping 

Not  all  process  waste  streams  require  primary  treatment. 
Evaporator  condensate,  bleach  plant  effluents,  and  other  sim 
ilar  streams  having  TSS  concentrations  less  than  100  to 
150  mg/L  are  often  routed  directly  to  biological  treatment. 

Primary  clarifier  design  is  mainly  based  upon  a   hydraulic 
overflow  rate  that  will  enable  the  removal  of  all  settleable 

solids.  Clarifiers  for  integrated  chemical  pulp  and  paper 

mills  (such  as  BKP)  are  designed  for  an  overflow  rate  of  ap- 
proximately 24,400  L/d/m2  (600  USgpd/ft2).  CTMP  and  TMP 

mills  produce  a   waste  fibre  that  does  not  settle  as  well  as 
the  solids  found  in  BKP.  Therefore,  a   more  conservative 

overflow  rate  in  the  range  of  10,200  to  20,400  L/d/m2 
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(250  to  500  USgpd/ft^)  may  be  more  appropriate.  Further- 
more, provisions  for  a   flocculating  centerwell  may  need  to 

be  provided  in  case  chemical  addition  is  necessary  for  effec- 
tive settling  of  CTMP  solids. 

The  side  water  depth  for  primary  clarifiers  is  recommended 
to  be  in  the  3.5  to  4.5-metre  (11.5-  to  15-foot)  range. 
Clarifier  mechanisms  that  direct  the  settled  sludge  to  a 
centre  hopper  for  removal  must  be  designed  for  the  high 
torque  loadings  that  can  be  exerted  by  primary  sludge. 

Pilot  testing  can  be  used  to  develop  a   design  basis  overflow 
rate.  Settling  columns  with  multiple  sample  ports  are  used 

for  this  purpose.  If  pilot  testing  is  not  possible,  experi- 
ence at  similar  mills  can  be  used  to  develop  a   basis  for  de- 

sign. 

Dissolved  air  floatation  (DAF)  can  also  be  used  for  primary 
treatment.  There  is  more  equipment  involved  in  a   DAF  unit, 
including  pumps  and  air  compressors,  and  their  performance 
on  pulp  mill  wastewater  has  not  been  better  than  standard 
clarification.  One  advantage  DAF  clarifiers  may  have  is 

that  resin  and  fatty  acids  are  surface  active  toxic  com- 
pounds, and  by  forming  a   foam  float,  a   portion  of  these  com- 

pounds may  be  removed.  However,  testing  would  need  to  be 
carried  out  to  verify  that  the  resin  and  fatty  acids  do  not 
return  with  the  sludge  dewatering  filtrate. 

4.5  NUTRIENT  ADDITION 

The  microorganisms  in  a   biological  treatment  system  require 
nutrients  for  general  viability  and  for  synthesis  (growth). 
Nutrients  which  are  typically  deficient  in  pulp  and  paper 

mill  effluent  include  nitrogen  and  phosphorus.  These  nutri- 
ents are  essential  to  efficient  treatment  and  the  importance 

of  adding  them  cannot  be  over  emphasized. 

The  quantity  of  nitrogen  and  phosphorus  required  for  a   bio- 
logical treatment  system  is  proportional  to  the  mass  of  bio- 
logical solids  produced  as  BOD  is  removed.  Biological 

solids  typically  contain  approximately  0.12  pounds  of  nitro- 
gen (N)  and  0.022  pounds  of  phosphorous  (P)  per  pound  of  VSS. 

A   rule-of-thumb  often  quoted  is  that  the  B0D5:N:P  ratio 
should  be  100:5:1  based  on  the  influent  BOD5  to  treatment. 
In  most  cases,  this  ratio  overstates  the  amount  of  N   and  P 
that  is  required. 

Nitrogen  and  phosphorus  are  often  added  in  the  form  of  anhy- 
drous ammonia  and  phosphoric  acid.  The  nitrate  form  of  N   is 
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also  an  effective  source  of  nitrogen  for  uptake  by  micro- 
organisms. Organic  nitrogen  has  been  found  to  be  less  read- 

ily available  for  uptake  by  the  biomass  and  is  consequently 
not  as  effective  as  other  forms  of  nitrogen. 

The  recommended  method  for  control  of  the  nutrient  feed  sys- 
tems is  to  test  the  treatment  system  effluent  daily  and  to 

vary  the  addition  rate  as  necessary  to  provide  a   minimum  mea- 
surable soluble  residual  of  1.0  to  3.0  mg/L  N   as  ammonia, 

nitrate  or  nitrite,  and  0.3  to  0.5  mg/L  P   (as  orthophos- 
phate) in  the  treated  effluent.  In  systems  with  widely  vary- 

ing BOD  loads,  it  can  be  difficult  to  maintain  low  nutrient 
residual  concentrations.  However,  a   nutrient  deficiency 
will  eventually  result  in  reduced  treatment  performance,  and 

excessive  nutrient  addition  is  wasteful  and  may  exceed  re- 
ceiving stream  water  quality  standards  if  imposed  as  a   condi- 

tion for  discharge.  Consequently,  the  nutrient  addition 
must  be  monitored  regularly  for  optimal  control. 

Nutrients  are  usually  added  in  liquid  form  and  are  intro- 
duced following  primary  treatment.  Bulk  storage  tanks  and 

variable  speed  chemical  metering  pumps  are  often  used  for 
this  purpose.  Redundant  pumping  should  be  provided,  and  the 
pumping  capacity  should  be  sized  for  a   considerably  higher 
rate  than  the  expected  average  usage  flow.  If  anhydrous 
ammonia  is  used,  it  can  be  metred  in  liquid  form  using  the 
storage  tank  pressure  as  a   driving  force  and  a   control  valve 

to  set  the  flow  rate.  Special  design  provisions  must  be  con- 
sidered for  safety  and  to  control  flashing  to  a   gaseous 

state  as  the  pressure  is  reduced. 

4.6  TEMPERATURE  CONTROL 

The  temperature  of  the  aeration  basin  has  a   significant  im- 
pact on  the  rate  of  biological  degradation  (kinetics)  and  on 

the  settling  characteristics  of  the  biological  solids.  The 
microorganism  metabolic  rate  increases  as  the  temperature 

increases  up  to  approximately  35°C.  By  contrast,  micro- 
organisms are  negatively  impacted  by  temperatures  above  35°C. 

At  higher  temperatures,  treatment  kinetics  are  adversely 
affected.  BOD  removal  efficiency  decreases  and  flocculation 
of  the  biological  solids  is  impaired  and  they  may  not  settle 

as  well,  resulting  in  AS  process  control  problems.  The  typi- 
cal temperature  range  desired  for  optimal  treatment  effi- 

ciency is  30  to  35°C .   Effective  treatment  can  be  achieved 
in  properly  designed  AS  and  ASB  systems  at  temperatures  as 
low  as  8   to  10°C. 
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A   number  of  variables  affect  the  equilibrium  temperature  of 

an  aeration  basin.  These  include  incoming  wastewater  temper- 
ature, basin  surface  area,  type  and  size  of  aeration  system, 

wind,  ambient  air  temperature  and  humidity,  heat  of  radia- 
tion, presence  of  an  insulating  foam  cover,  and  others. 

Since  aerobic  biological  treatment  is  an  exothermic  process, 
treatment  of  highly  concentrated  wastewaters  can  result  in 

basin  temperatures  greater  than  that  of  the  incoming  waste- 
water. 

Thermodynamic  models  are  available  to  estimate  the  equili- 
brium temperature  of  aeration  basins.  These  should  be  em- 
ployed before  the  treatment  system  components  are  designed, 

preferably  during  conceptual  design,  to  estimate  basin  tem- 
peratures and  size  necessary  wastewater  cooling  systems. 

The  temperature  of  the  wastewater  can  be  controlled  by  a   num- 
ber of  methods,  including: 

o   In-plant  heat  recovery 

o   In-plant  hot  water  use,  reuse,  and  diversion  of 
hot  water  non-contact  streams  away  from  the  treat- 

ment system 

o   Plant  effluent  cooling  systems 

Cooling  towers  are  the  most  common 

Heat  exchangers  can  be  used  but  have  the  po- 
tential for  fouling  when  wastewater  streams 

are  passed  through  them,  although  this  is  not 
usually  a   problem  with  evaporator  condensate 
and  bleach  plant  effluents 

Cooling  ponds 

4.7  SELECTORS 

Recent  bench  testing  on  AS  systems  combining  the  influent 
wastewater  from  the  mill  with  the  RAS,  prior  to  aeration, 

can  enhance  an  aerobic  biological  treatment  system’s  perform- 
ance. This  practice  ’'selects1'  microorganisms  by  creating  an 

anoxic  or  anaerobic  environment  in  which  desirable  species 

survive  and  undesirable  species  do  not.  These  species  typi- 
cally settle  well,  which  reduces  both  the  effluent  TSS  and 

BOD5.  Typical  detention  time  in  a   selector  ranges  from  5   to 

30  minutes.  The  design  of  a   selector  should  include  the  ca- 
pability to  bypass  directly  to  the  aeration  basin. 
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Selectors,  however,  are  not  necessary  for  good  treatment  per- 
formance, and  in  some  cases,  may  not  be  advantageous.  Pilot 

testing  is  suggested  to  verify  the  benefits  of  selector  addi- 
tion, if  any. 
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5.  ACTIVATED  SLUDGE  DESIGN  PROCEDURE 

The  AS  process  design  involves  a   number  of  key  components, 
which  include: 

o   Aeration  basin  sizing 
Volume 

Depth 
Shape 

Number  and  flow  pattern 
o   Aeration  requirements 
o   Secondary  clarifier  sizing 
o   Return  sludge  pumping 
o   Waste  sludge  pumping 
o   Waste  sludge  dewatering  and  disposal 
o   Monitoring  and  control  systems 

The  following  sections  discuss  these  key  components  in  more 
detail.  Much  of  the  theoretical  discussion  on  aeration 

basin  kinetics,  oxygen  requirements,  and  sludge  production 

is  patterned  after  models  developed  by  Eckenfelder.  Differ- 
ent models  have  been  developed  by  other  theoreticians;  how- 

ever, these  basically  follow  a   similar  philosophy. 

5.1  AERATION  BASIN  SIZING 

The  activated  sludge  process  relies  on  a   carefully  con- 
trolled population  (biomass)  of  microorganisms  in  the  aera- 

tion basin  to  perform  the  treatment  function  (BOD  removal) . 
Sizing  of  the  aeration  basin  is,  therefore,  based  upon  the 
volume  necessary  to  contain  the  mass  of  microorganisms 
needed  to  achieve  the  treatment  objectives. 

The  volume  of  the  aeration  basin  is  based  on  the  food-to- 
microorganism  (F/M)  ratio,  which  is  selected  to  achieve  the 
desired  BOD  removal,  an  acceptable  sludge  yield,  and  stable 
system  operation.  The  F/M  ratio  is  the  relationship  between 

the  daily  BOD  load  to  the  AS  system  and  the  mass  of  micro- 
organisms in  the  aeration  basin.  It  is  expressed  by  the 

formula: 

F/M  =   BOD  (Eq.  5.1) 
MLVSS 

Where: 

F/M  =   food-to-microorganism  ratio,  day”! 

BOD  =   BOD  applied  or  removed,  kg /day 
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MLVSS  =   mixed  liquor  volatile  suspended  solids 
in  the  aeration  basin,  kg  (assumed  to  be 
microorganisms ) 

Activated  sludge  systems  are  referred  to  by  various  descrip- 
tive names  depending  upon  the  F/M  ratio  they  are  designed  to 

operate  within.  The  more  common  classifications  include: 

F/M  Range  (dav~^) 
Extended  aeration  0.10  -   0.20 
Conventional  0.25  -   0.45 

High  rate  0.50  -   1.50 

MLVSS  concentrations  are  limited  on  the  low  side  by  settling 
constraints  and  the  cost  of  the  aeration  basin;  and  on  the 

high  side  by  settling  constraints,  clarifier  limitations, 

and  the  ability  to  transfer  sufficient  oxygen  into  the  sys- 
tem. Typical  MLVSS  concentrations  for  AS  systems  are  in  the 

2,000  to  4,000  mg/L  range;  however,  concentrations  as  high 
as  7,000  to  10,000  mg/L  are  occasionally  seen  in  extended 
aeration  and  conventional  systems. 

An  example  of  aeration  basin  sizing  using  the  food-to-micro- 
organism  relationship  is  shown  below. 

Given:  F/M  ratio  =   0.30  day“l 
MLVSS  =   3,500  mg/L 

BOD  applied  =   30,000  kg/day 

Basin  size  required: 

F/M _   30.000  kg/dav  x   10^  mg/kg  _ 
3,500  mg/L  x   Volume 

0.30/day 

Volume  = 30.000  kg/day  x   10^  mg/kg 
3,500  mg/L  x   0.30/day 

=   28,600,000  L   or  28.6  ML 

The  choice  among  extended  aeration,  conventional  AS  systems, 

and  high-rate  AS  systems  is  based  upon  considerations  of 
site  availability,  cost,  treatment  performance  requirements, 

and  operational  stability.  Advantages  of  high-rate  systems 
over  extended  aeration  include: 

o   Low  oxygen  requirements  per  kg  of  BOD5  removed, 
which  reduces  the  energy  requirements 
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o   More  viable  sludge  mass,  with  more  active  micro- 
organisms 

o   Smaller  aeration  basin  size  (and  cost) 

The  disadvantages  of  the  high-rate  system  include: 

o   Produces  a   larger  quantity  of  sludge  because  of 
lower  endogenous  decay.  Endogenous  decay  is  the 

decrease  in  cell  mass  caused  by  death  and  preda- 
tion of  microorganisms. 

o   Smaller  aeration  volume,  which  makes  the  system 
more  susceptible  to  shock  loads. 

o   Produces  a   higher  BOD/TSS  ratio;  therefore,  minor 

changes  in  solids  settling  characteristics  result- 
ing in  reduced  clarifier  performance  can  have  a 

large  affect  on  the  the  effluent  BOD  concentra- 
tion. 

o   Higher  effluent  soluble  BOD  concentration  and  re- 
duced ability  to  detoxify  the  wastewater. 

The  BOD  removal  efficiency  of  the  system  is  dependent  on  the 
kinetic  rate,  which  is  primarily  a   function  of  the  waste 
characteristics  and  temperature.  A   kinetic  equation  used  in 
modeling  activated  sludge  systems  is  described  below. 

Se  =   (Fr/M)  So  (Eq.  5.2) 

Kt 

Where : 

Se  =   effluent  soluble  BOD,  mg/L 

So  =   influent  total  BOD,  mg/L 

Kt  =   kinetic  constant  at  the  basin  temperature 

Fr/M  =   F/M  removed  based  on  total  influent  BOD 

minus  soluble  effluent  BOD  and  MLVSS,  kg/kg-d 

If  possible,  the  kinetic  rate  constant,  Kt,  should  be  deter- 
mined from  pilot  testing  or  from  a   thorough  analysis  of  an 

existing  treatment  system  operating  on  a   similar  type  of 
wastewater.  The  kinetic  rate  is  a   measure  of  the  treatabil- 

ity of  the  organic  compounds  in  the  wastewater  and  is  influ- 
enced by  the  presence  of  toxic  or  inhibitory  compounds  that 
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may  be  present.  It  is  also  influenced  by  temperature  and  by 
nutrient,  dissolved  oxygen,  and  pH  levels  in  the  aeration 
basin  that  are  outside  of  the  appropriate  operating  ranges. 

The  Kt  values  at  35°C  for  BKP  systems  are  typically  found  to 
be  in  the  range  of  11  to  15.  Information  about  CTMP  acti- 

vated sludge  systems  is  somewhat  limited;  however,  the  Kt 
values  are  expected  to  fall  in  the  range  of  15  to  25  at 

35°C,  and  are  influenced  by  the  extent  of  chemical  precondi- 
tioning of  the  wood  chips,  extent  of  bleaching,  and  the 

species  of  wood  being  pulped. 

Temperature  does  have  a   significant  effect  on  the  kinetic 
rate,  and  within  the  temperature  range  of  approximately  10 

to  35°C,  the  following  equation  can  be  used  to  adjust  the 
kinetic  rate  to  the  appropriate  basin  design  temperature: 

Kt  =   K35  (0)(T-35)  (Eq.  5.3) 

Where: 

Kt  =   kinetic  rate  constant  at  the  design  tempera- ture 

K35  =   kinetic  rate  constant  at  35°C 

0   =   temperature  correction  factor,  typically  be- 
tween 1.014  to  1.02 

T   =   design  temperature,  °C 

An  example  of  temperature  correcting  the  kinetic  rate  con- 
stant is  shown  below: 

Given:  K35  =   15 
0   =   1.02 
T   =   20°C 

Kinetic  rate  constant  for  design: 

Kt  15  x   (1.02) (20  -   35°C) 
Kt  =   11.1 

The  solutions  of  Equations  5.1  and  5.2  are  iterative  and  may 
require  adjustment  of  F/M  in  order  to  achieve  the  desired 
effluent  soluble  BOD5  concentration. 

The  final  effluent  BOD5  must  take  into  account  the  BOD  asso- 
ciated with  the  suspended  solids  that  will  be  in  the  efflu- 

ent. Typical  values  of  the  BOD5  content  of  the  TSS  in  the 
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effluent  range  from  0.15  to  0.3  kg  B0D5/kg  TSS  with  extremes 
ranging  from  0.1  to  0.5. 

Example : 

If: 

Se  =   20  mg/L  soluble  effluent  BOD5 

TSS  =   100  mg/L 

Particulate  BOD  =   0.25  kg  B0D5/kg  TSS 

Then,  total  effluent  BOD5  is: 

20  +   100  (0.25)  =   45  mg/L 

Once  the  volume  of  the  aeration  basin  is  determined,  the  di- 
mensions are  set  based  on  aeration  equipment  requirements, 

site  requirements,  and  process  configuration  (plug  flow,  par- 
allel or  series  basins,  complete  mixed,  step  feed,  or 

other) . 

5.2  AERATION  REQUIREMENTS 

Aeration  equipment  provides  oxygen  and  mixing  energy  to  the 
treatment  system.  In  the  aeration  basin,  microorganisms  uti- 

lize dissolved  oxygen  from  the  water  as  the  source  of  energy 
to  synthesize  cell  tissue  from  the  soluble  organics  in  the 
wastewater.  The  aeration  equipment  mixes  the  contents  of 
the  aeration  basin  to  keep  the  microorganisms  in  suspension, 
disperse  oxygen,  and  blend  the  incoming  wastewater.  The 

power  level  required  to  keep  a   tank  well  mixed  is  approxi- 
mately 10  to  15  kW/mL  (50  to  75  horsepower  per  million  gal- lons ) . 

Oxygen  is  used  by  the  microorganisms  for  initial  cell  tissue 
synthesis  (growth)  and  endogenous  respiration  (metabolism  of 

cell  material) .   The  amount  of  oxygen  required  can  be  charac- 
terized by  the  following  equation: 

02req  =   a’  +   b   *   (Eq.  5.4) Fr/M 

Where: 

02req  =   oxygen  required,  kg  02/kg  BOD5  removed 

a’  =   coefficient  of  oxygen  required  for  synthesis, 
kg  02/kg  BOD5  removed 
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b’  =   coefficient  of  oxygen  required  for  endogenous 
respiration,  kg  02/day-kg  MLVSS 

The  coefficients  a’  and  b*  can  be  determined  from  pilot  test- 
ing or  from  an  evaluation  of  a   system  treating  similar  waste- 

water.  Typical  values  for  the  total  oxygen  requirement 

range  from  1.1  to  1.5  kg  02/kg  BOD5 .   The  coefficient  b*  de- 
pends on  temperature  and  sludge  age.  For  sludge  ages  be- 

tween 2   to  8   days,  b*  is  approximately  0.16  kg02/day-kg 
MLVSS  at  35°C.  The  temperature  correction  factor,  similar 
to  that  used  in  Equation  5.3,  ranges  from  1.05  to  1.06. 

The  field  efficiency  of  aeration  equipment  will  vary  consid- 

erably from  the  "clean  water"  values  used  by  vendors  for 
standard  rating  of  their  equipment.  The  field  transfer  effi- 

ciency is  dependent  on  a   number  of  factors,  including: 

o   Basin  operating  dissolved  oxygen  (DO)  concentra- 
tion 

o   Oxygen  saturation  concentration  for  the  given  tem- 
perature and  altitude 

o   Temperature  of  the  wastewater 

o   Chemical  characteristics  of  the  wastewater  that 

affect  gas  diffusivity  rates  and  saturation  levels 

The  aeration  system  should  be  designed  to  provide  the  re- 
quired oxygen  transfer  for  BOD  removal  under  reasonable  peak 

loading  conditions,  and  to  maintain  an  adequate  DO  during 
average  design  BOD5  conditions  for  good  performance  of  the 
biomass.  A   minimum  DO  level  of  approximately  1.0  to  2.0  mg/ 
L   should  be  maintained  in  extended  aeration  and  conventional 

AS  systems.  High-rate  systems  should  maintain  a   slightly 
higher  DO  concentration  to  maintain  good  biomass  settling 
and  minimize  the  chance  of  developing  filamentous  organisms. 

Vendor  "clean  water"  transfer  ratings  for  their  aeration 
equipment  can  be  translated  into  estimated  "field"  transfer 
rates  using  the  following  equation: 

N   =   No  (B  Cwalt  -   DO)  1.024  T-20  («)  (Eq.  5.5) 9.17 
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Where : 

N   =   field  oxygen  transfer,  kg  02/kw-hour 

No  =   clean  water  transfer,  kg  02/kw-hour 

6   =   saturation  factor,  typically  0.90  to  0.95 

Cwalt  =   DO  saturation  for  tap  water  at  the  given  tem- 
perature, T,  and  altitude,  mg/L 

DO  =   basin  operating  DO  concentration,  mg/L 

T   =   basin  temperature,  °C 

*   =   oxygen  transfer  correction,  typically  0.8  to 
0.85 

This  relationship  shows  that  the  transfer  efficiency  of  the 
aeration  equipment  is  reduced  when  the  basin  DO  levels  are 
increased;  therefore,  more  energy  is  required  to  transfer 

the  required  oxygen  when  basin  DO  concentrations  are  main- 
tained at  elevated  levels.  The  oxygen  transfer  coefficients 

can  be  determined  from  pilot  testing;  however,  they  are  fre- 
quently taken  from  experience  since  the  test  procedure  is 

often  difficult  to  interpret.  At  a   basin  DO  concentration 

of  2.0  mg/L,  the  ratio  of  "field"  to  "clean  water"  transfer 
efficiency  is  usually  in  the  55  to  65  percent  range. 

There  are  a   number  of  different  types  of  aeration  equipment 
available  which  are  applicable  to  the  AS  process,  including: 

o   Surface  aerators 

Floating  high  speed 
Floating  low  speed 

Pier-mounted  low  speed 
Floating  eductor  type 

o   Submerged  diffused  aerators 

Jet  eductor  aerators 
Fine  bubble  aeration 
Coarse  bubble  aeration 
Static  tube  aerators 



The  selection  of  aeration  equipment  should  consider  the  fol- 
lowing characteristics  of  specific  equipment  types: 

o   Floating  high-  or  low-speed  aerators,  because  of 
their  spray  pattern,  can  severely  freeze  up  in 
cold  weather  and  can  also  cause  excessive  basin 

heat  loss,  more  so  than  other  types,  but  can  also 
provide  heat  dissipation  when  needed. 

o   Surface  aerators  are  usually  limited  to  tanks  of 
5.0  metres  (16  feet)  in  depth  or  less,  to  maintain 
full-depth  mixing. 

o   The  transfer  efficiency  of  submerged  aeration 
equipment  is  related  to  the  basin  depth.  At 
depths  less  than  4.5  to  5.0  metres,  surface  units 
are  often  more  efficient. 

o   Submerged  aerators  require  dewatering  of  the  basin 
to  service  portions  of  the  equipment. 

Selection  of  aeration  equipment  is  normally  made  following 

an  evaluation  of  oxygen  transfer  efficiency,  heat  loss  poten- 
tial, maintenance  requirements,  cost,  and  personal  prefer- 

ence items. 

5.3  CLARIFIER  SIZING 

The  mixed  liquor  from  the  aeration  basin  usually  flows  by 
gravity  to  the  clarifier (s) .   It  is  seldom  pumped  because 
shear  forces  can  break  the  floe  particles  and  prevent  good 
settling.  The  required  clarifier  surface  area  is  based  on 
two  criteria: 

o   Solids  loading  rate,  kg  TSS/day/m2,  based  on  the 
MLSS  concentration,  effluent  flow  rate,  and  RAS 

pumping  rate.  This  design  factor  is  used  to  ad- 
dress sludge  thickening  properties  and  is  nearly 

always  the  controlling  parameter. 

o   Overflow  rate,  Lpd/m2,  based  on  the  effluent  flow 
rate.  This  design  factor  is  used  to  address  efflu- 

ent suspended/ settleable  solids. 

The  solids  loading  rate  will  vary  with  the  MLSS  concentra- 
tion and  the  return  activated  sludge  (RAS)  pumping  rate. 

Solids  loading  rates  should  be  maintained  in  the  range  of 

100  to  150  kg/day/m2  (20  to  30  lb/day/ft2).  The  normal 
design  overflow  rate  range  is  14,000  to  22,000  Lpd/m2 
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(340  to  540  blsgpd/ft2).  Since  the  application  of  AS  to 
CTMP  wastewater  is  relatively  new  and  because  new  and  pro- 

posed mills  are  involved,  the  clarifiers  should  be  designed 
to  allow  chemical  addition  with  flocculating  provisions,  and 
should  be  sized  conservatively. 

Clarifier  side  water  depth  and  size  were  discussed  in  Sec- 
tion 3.6.  In  summary,  the  side  water  depth  is  normally  set 

between  3.7  to  4.9  metres  (12  to  16  feet)  with  4.3  metres 

(14  feet)  as  the  commonly  used  value.  The  clarifier  depth 
provides  for  consolidation  of  the  sludge  and  enough  storage 
to  prevent  solids  from  being  carried  over  the  launder  into 
the  effluent  if  settling  properties  deteriorate.  It  is 
recommended  that  the  size  of  the  clarifier(s)  not  exceed 

approximately  50  metres  (160  feet)  in  diametre,  to  prevent 
detrimental  wind- induced  currents  and  poor  sludge  removal 
from  long  radial  distances.  Suction  type  mechanisms  are 

typically  used  for  secondary  clarifiers,  whereas  non-suction 
type  mechanisms  are  typically  used  for  primary  clarifiers 
due  to  the  heavier  solids. 

It  may  be  possible  to  provide  the  required  surface  area  with 
one  clarifier.  If  this  is  the  case,  a   decision  must  be  made 
regarding  the  need  for  redundant  units,  a   decision  based  on 

cost,  site  area,  and  reliability.  Clarifiers  are  mechan- 
ically reliable,  particularly  when  regularly  maintained  dur- 

ing mill  shutdowns.  A   number  of  plants  have  run  problem- 
free  for  years  with  only  one  clarifier. 

5.4  RETURN  SLUDGE  PUMPING 

Return  activated  sludge  (RAS)  is  drawn  out  of  the  clarifier 
through  suction  pipes  attached  to  the  clarifier  mechanism  or 
from  the  center  well.  RAS  pumps  deliver  the  collected 
sludge  back  to  the  aeration  basin.  These  pumps  are  sized  to 

provide  a   range  of  flows  from  50  to  100  percent  of  the  influ- 
ent. Installation  of  at  least  two  RAS  pumps  is  recommended 

since  the  AS  process  is  entirely  dependent  on  the  return  of 
settled  sludge  from  the  clarifier. 

The  types  of  pumps  used  for  RAS  pumps  include: 

o   Centrifugal  (the  most  common)  or  a   modified  centri- 
fugal such  as  mixed  flow  or  axial  flow 

o   Progressive  cavity 

Since  the  recycle  rate  must  be  adjusted,  RAS  pumps  typically 
have  either  variable  speed  drives  or  flow  control  valves. 
The  controller  is  normally  set  manually  to  achieve  a   given 
flow  rate  and  recycle  ratio. 
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5.5  WASTE  SLUDGE  PUMPING 

The  amount  of  sludge  to  be  wasted  is  dependent  on  the  amount 
of  excess  biological  solids  produced  in  the  system  and  the 
nondegraded  influent  solids.  The  biological  sludge  yield  is 
given  by  the  formula: 

SY  =   a   -     b_  (Eq.  5.6) 
Fr/M 

SY  =   sludge  yield,  kg  VSS  produced/kg  BOD5 
removed 

a   =   coefficient  for  initial  synthesis  of 
organics  into  biological  solids,  kg  VSS 

produced/kg  BOD 5   removed 

b   coefficient  for  endogenous  decay  of  MLVSS 
in  the  system,  kg  VSS  destroyed/day/kg 
MLVSS 

The  coefficients  a   and  b   can  be  developed  from  pilot  test- 
ing, determined  from  an  analysis  of  a   system  treating  simi- 

lar wastewater,  or  selected  based  upon  experience.  Sludge 
yield  values  normally  fall  in  the  range  of  0.25  to  0.5  kg 
VSS /kg  BOD5  removed,  with  extreme  values  ranging  from  0.2  to 
1.0.  The  ratio  of  effluent  VSS  to  TSS  is  normally  0.8  to 
0.90  and  must  be  considered  in  calculating  the  waste  sludge 

quantity  that  is  usually  expressed  on  a   TSS  basis.  The  esti- 
mate of  the  waste  sludge  quantity  must  also  account  for  the 

TSS  coming  into  the  system  in  the  influent  wastewater  and 
the  TSS  lost  from  the  system  with  the  effluent. 

Waste  sludge  is  usually  either  drawn  from  a   hopper  at  the 
centre  of  the  clarifier  or  taken  directly  out  of  the  RAS 
line,  depending  on  the  required  consistency  of  the  WAS.  It 
can  also  be  withdrawn  directly  from  the  aeration  basin  as 
MLSS  and  thickened  for  disposal. 

The  WAS  pumps  are  designed  based  on  the  following: 

o   Flow  is  based  on  the  consistency  of  the  sludge  and 

the  quantity  necessary  to  maintain  the  desired 
sludge  age  and  F/M 

o   Pump  type  is  typically  centrifugal,  but  others 
such  as  progressive  cavity  have  been  used 
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o   Control  is  by  variable  speed  pump  or  a   constant 

speed  pump  on  a   timer 

5.6  WASTE  SLUDGE  DEWATERING  AND  DISPOSAL 

Once  the  WAS  is  removed  from  the  biological  treatment  sys- 
tem, it  normally  must  be  dewatered  before  final  disposal. 

The  required  dewatered  sludge  concentration  is  related  to 
the  final  disposal  option  selected.  Options  for  final 
sludge  disposal  include: 

o   Land-spreading  the  sludge  as  a   soil  amendment 

o   Landfilling 

o   Incineration,  either  in  conjunction  with  hog  fuel 
in  a   hog  fuel  boiler,  or  separately  in  another 
form  of  incinerator 

Biological  solids  may  be  dewatered  separately  or  together 

with  primary  solids.  The  dewatering  equipment  type  and  de- 
sign will  depend  on  the  sludge  concentration  required  for 

final  disposal.  The  types  of  equipment  used  include  coil 
filters,  belt  filter  presses,  screw  presses,  and  others. 

Sludge  dewatering  almost  always  requires  the  addition  of  pol- 
ymers to  improve  drainage  and  increase  solids  capture.  The 

cost  of  the  polymers  can  account  for  a   large  percentage  of 

the  operation  and  maintenance  costs  of  the  secondary  treat- 
ment system. 

5.7  MONITORING  AND  CONTROL 

The  design  of  the  monitoring  and  control  system  for  the  bio- 
logical treatment  system  influences  the  amount  of  operator 

attention  the  system  will  require.  The  system  instrumenta- 
tion normally  includes  the  following  components: 

o   Automatic  controls 

Flow  paced  equipment 
Flow  monitoring  equipment 
Timed  equipment 

pH  adjustment 
Emergency  equipment  shutoff 

Others,  depending  on  the  mill’s  preference 

o   Manual  controls 

Pumping  rates  for  RAS  and  WAS 
Nutrient  addition 
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Cooling  tower  bypass 
Aeration  equipment 

Others,  depending  on  the  mill’s  preference 

o   Primary  alarms --alarms  communicated  to  the  central 
control  location  of  the  mill  that  require  immedi- 

ate response,  such  as  clarifier  mechanism  failure, 

blower  failure,  sump  high-  and  low-level  alarms, 
high  or  low  aeration  basin  pH,  RAS  pump  failure, 
and  a   number  of  others,  depending  on  the  process 

and  the  mill’s  preference 

o   Secondary  alarms--local  alarms  at  the  treatment 
system  control  panel  that  do  not  require  immediate 
operator  attention,  such  as  clarifier  mechanism 

high  torque,  blower  high  temperature,  low  dis- 
solved oxygen,  WAS  pump  failure,  nutrient  addition 

system  failure,  and  others 

o   Trending--local  gauges  and  recording  equipment 
that  track  measurements  over  time  for  purposes  of 

controlling  the  system,  such  as  influent  or  efflu- 
ent flow,  pH  of  the  aeration  basin,  dissolved  oxy- 
gen in  the  aeration  basin,  aeration  basin  tempera- 

ture, and  others 

Laboratory  monitoring  is  essential  to  proper  control  of  the 
biological  treatment  system.  The  following  lists  give  the 
minimum  laboratory  analytical  requirements  and  additional 
monitoring  which  would  provide  better  control: 

o   Minimum  laboratory  analytical  tests 

Influent  BOD5  and  TSS 

Effluent  BOD5,  TSS,  ammonia,  and  phosphorus 

and  perhaps  nitrate  and  nitrite  if  the  sys- 
tem can  nitrify 

MLSS  and  MLVSS 

RAS  and  WAS  TSS 

o   Additional  laboratory  monitoring  for  better  con- trol 

Influent  soluble  BOD5  and  total  and  soluble 
COD 
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Effluent  soluble  BOD5  and  total  and  soluble 
COD 

SVI 

Influent  and  effluent  alkalinity 

Biomass  microscopic  observation 

Effluent  soda  (NaO) 
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6.  AERATED  STABILIZATION  BASIN  DESIGN  PROCEDURES 

A   basic  difference  between  aerated  stabilization  basin  and 

activated  sludge  design  is  that  the  MLVSS  concentration  in 
the  ASB  cannot  be  controlled  as  an  operational  variable. 
The  biological  treatment  mechanism  is  the  same  as  for  AS, 
but  elimination  of  control  over  MLVSS  makes  it  a   much  sim- 

pler system.  It  is  also  difficult  to  estimate  MLVSS,  since 
some  of  the  solids  in  the  ASB  usually  settle  within  the 
basin.  Based  on  this,  ASBs  can  be  less  predictable  and  the 
design  is  often  based  on  experience  and  similar  mill  data. 

6.1  BASIN  SIZING 

For  ASBs,  the  hydraulic  retention  time  (HRT)  is  the  same  as 
the  solids  retention  time  since  there  is  no  recycle  of 
sludge.  In  many  cases,  ASBs  have  historically  been  designed 

using  an  HRT  of  5   to  10  days,  with  the  longer  times  speci- 
fied for  colder  climates  and  higher  levels  of  BOD  removal. 

As  mentioned  in  an  earlier  section,  longer  retention  times 
also  appear  to  be  related  to  improved  toxicity  reduction. 
The  same  should  be  true  for  AS  systems  with  long  SRTs  and 
low  F/M. 

ASBs  are  preferably  designed  using  the  same  kinetic  models 

as  for  AS.  Pilot  testing  can  be  employed  to  develop  the  co- 
efficients that  are  specified  in  the  models.  However,  since 

the  MLVSS  concentration  in  ASBs  is  often  difficult  to  accur- 

ately estimate,  judgment  and  experience  must  be  used  to  a 
greater  extent. 

The  MLVSS  concentration  in  an  ASB  is  related  to  the  BOD  re- 

moval, sludge  yield,  and  power- to -volume  ratio  of  the  aera- 
tion system.  At  power  levels  greater  than  4   to  5   kW/mL 

(20  to  25  horsepower  per  million  gallons) ,   most  of  the  bio- 
logical solids  will  remain  in  suspension.  In  this  case,  the 

MLSS  concentration  can  be  calculated  using  the  model  equa- 
tion, since  it  is  assumed  that  none  of  the  solids  will  set- 

tle within  the  basin.  At  power  levels  less  than  this,  judg- 
ment and  experience  will  be  required  to  estimate  the  MLVSS 

concentration  that  will  remain  in  suspension  and  available 
for  treatment. 

A   number  of  iterations  are  normally  required  to  evaluate  the 
power  required  for  BOD  removal,  volume  required  for  BOD  remo 

val,  power- to -volume  ratio,  estimated  MLVSS  concentration, 
impact  of  basin  size  on  basin  temperature,  impact  of  tempera 
ture  on  BOD  removal,  volume  occupied  by  settled  sludge,  and 
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solublized  BOD  released  from  the  settled  sludge.  These  para- 
meters are  all  related  to  the  performance  of  the  ASB  and  can- 

not be  addressed  by  a   simple  set  of  design  equations.  Compu- 
ter models  have  been  used  by  some  designers  in  order  to 

speed  the  evaluation  of  the  many  interactive  variables 
involved.  The  National  Council  of  the  Paper  Industry  for 
Air  and  Stream  Improvement  has  developed  a   model  for  ASBs, 
which  is  accepted  by  the  pulp  and  paper  industry. 

6.2  AERATION  REQUIREMENTS 

Like  the  AS  system,  the  aeration  equipment  in  the  ASB  sup- 
plies both  oxygen  and  mixing.  The  difference  is  that  the 

ASB  has  a   large  volume  and  mixing  intensity  is  lower.  The 
two  criteria  used  to  set  the  level  of  power  in  an  ASB  are 
the  aeration  requirement  and  the  mixing  requirement  to  keep 
the  MLVSS  in  suspension. 

6.2.1  Aeration  Requirement 

The  aeration  requirement  for  an  ASB  system  is  very  similar 
to  that  for  AS  and  is  affected  by  similar  factors: 

o   BOD  removal  requirement,  with  a   typical  range  of 
1.2  to  1.4  kg  02/kg  BOD5  removed 

o   Basin  design  dissolved  oxygen  level 

o   Transfer  efficiency  of  the  aeration  equipment 

The  location  of  the  aerators  is  critical  to  good  treatment. 
The  aeration  equipment  needs  to  be  located  so  that  oxygen  is 
supplied  in  those  area  where  it  is  needed.  For  example,  a 
high  percentage  of  the  BOD  is  exerted  in  the  first  half  of 
the  basin,  therefore,  a   high  percentage  of  the  aeration 
equipment  should  be  located  there.  Intense  mixing  in  the 

front  end  also  provides  necessary  back  mixing,  which  seeds 

the  influent  wastewater.  The  following  rules -of -thumb  pro- 
vide a   starting  point  for  the  configuration  and  aerator 

placement  in  an  ASB  system: 

o   Length  to  width  ratio  of  3:1  to  4:1 

o   The  first  one-third  of  the  volume  should  contain 

approximately  50  percent  of  the  aeration  horse- 
power, with  a   minimum  power  density  of  4   to  5   kW/ mT. 

o   The  first  half  of  the  volume  should  contain  ap- 
proximately 70  percent  of  the  aeration  horsepower 
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o   The  last  one-quarter  of  the  volume  should  have 
approximately  0.6  kW/mL  or  less  for  settling 

In  cold  climates,  floating  aerators  have  a   tendency  to 
freeze  and  also  to  cause  a   large  heat  loss  from  the  ASB. 

High-speed  floating  surface  aerators  are  designed  to  throw 
water  into  the  air,  which  then  freezes  on  the  aerator  and 
may  eventually  cause  it  to  turn  over.  In  addition,  the 
water  thrown  into  the  air  rapidly  releases  heat,  reducing 
the  temperature  and  treatment  efficiency  of  the  ASB.  For 
this  reason,  diffused  aeration  is  more  commonly  used  for 
ASBs  in  cold  climates,  where  site  conditions  will  permit  a 
minimum  water  depth  of  at  least  5   to  6   metres  (16  to 
20  feet).  If  surface  aerators  are  to  be  installed  in  cold 

climates,  they  should  be  selected  carefully  to  prevent  these 

problems. 

6.2.2  Mixing 

The  power  level  in  the  treatment  section  of  the  ASB  is  fre- 
quently designed  to  keep  biological  solids  in  suspension 

(prevent  sludge  deposition)  and  provide  backmixing  to  seed 
incoming  wastewater  with  biological  solids.  The  minimum 

power  level  required  to  maintain  biological  solids  in  sus- 
pension is  typically  around  4   to  5   kW/mL.  The  location  of 

aeration  equipment  is  critical  to  good  mixing  and  to  good 
treatment.  In  some  cases,  the  total  installed  aeration 

power  level  is  controlled  by  mixing  requirements  and  is 
greater  than  that  required  for  supplying  the  oxygen  for  BOD 
removal.  Under  these  circumstances,  it  may  be  cost- 
effective  to  install  mixing  equipment  which  will  be  more 
efficient  at  mixing  rather  than  aeration  equipment. 

The  power  level  should  decrease  at  the  discharge  end  of  the 

aeration  basin,  particularly  if  a   quiescent  settling  section 
is  included  to  reduce  effluent  TSS.  This  works  well  with 

the  aeration  requirements  since  the  amount  of  BOD  removal  at 
the  front  end  is  high  and  reaches  a   minimum  at  the  discharge 
end  of  the  basin. 

6.3  SLUDGE  ACCUMULATION  ESTIMATES 

In  the  treatment  section  of  the  aeration  basin,  sludge 
should  not  accumulate  if  the  volume  is  well  mixed.  Poorly 
mixed  sections,  dead  zones  or  areas  near  the  pond  discharge 

where  mixing  is  reduced  can  develop  sludge  deposits.  In  set- 
tling sections,  the  rate  of  sludge  accumulation  is  a   func- 

tion of  power  density,  the  TSS  concentration  entering  the 
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section,  the  TSS  concentration  leaving  the  section,  the  flow 
rate,  and  the  rate  of  sludge  degradation  on  the  bottom  of 

the  settling  section.  It  is  possible  to  estimate  the  quan- 
tity of  sludge  accumulation  using  rules  of  thumb  or  based  on 

experience,  but  the  sludge  accumulation  should  be  measured 
yearly  in  the  ASB  and  in  the  settling  sections,  perhaps  more 
frequently. 

Where  the  power  density  is  less  than  0.6  kW/mL  or  quiescent, 
typically  20  to  30  percent  of  the  TSS  will  settle.  The 

amount  that  settles  depends  to  a   great  extent  on  the  charac- 
teristics of  the  influent  TSS  and  the  quantity  of  influent 

TSS  relative  to  the  biological  solids  produced.  Approxi- 
mately 20  to  40  percent  of  the  volatile  material  that  set- 

tles will  decompose  over  1   to  5   years  due  to  anaerobic  activ- 
ity. The  rate  of  decomposition  is  dependent  on  character- 

istics of  the  settled  volatile  solids  and  the  temperature. 
Settled  solids  will  compact  to  approximately  5   to  8   percent 
solids. 

6.4  MONITORING  AND  CONTROL 

The  control  of  the  ASB  system  is  much  simpler  than  the  AS 

system,  simply  because  there  is  not  very  much  control  possi- 
ble. The  only  items  that  may  be  controlled  are  the  level  of 

aeration  (perhaps  by  turning  aerators  on  and  off),  nutrient 
addition  rate,  pH  adjustment,  and  temperature  control  (for 
high  temperatures)  if  it  is  needed. 

The  instrumentation  for  an  ASB  system  normally  includes  the 
following  components: 

o   Manual  controls 

Nutrient  addition 

Aeration  equipment  adjustments 
Cooling  tower  control,  if  one  is  used 
Others  depending  on  the  mills  preference 
Dissolved  oxygen  measurement 

o   Automatic  controls 

pH  adjustment 

o   Primary  alarms--alarms  that  require  immediate  re- 
sponse, such  as  blower  failure  if  one  is  used, 

aerator  failure  if  aerators  are  used,  sump  high 

level  alarms,  high  or  low  aeration  basin  pH,  and 
several  others  depending  on  the  process  and  the 
mills  preference 
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o Secondary  alarms --alarms  that  do  not  require  imme 
diate  operator  attention,  such  as  blower  high  tern 
perature,  low  dissolved  oxygen,  nutrient  addition 
system  failure,  and  others 

o   Trending--such  as  influent  or  effluent  flow,  pH 
of  the  aeration  basin,  dissolved  oxygen  in  the 
aeration  basin,  aeration  basin  temperature,  and 
others 

As  mentioned  earlier,  there  is  not  much  control  over  an  ASB 
system.  However,  similar  data  should  be  collected  for  the 
ASB  as  for  the  AS  system: 

o   Minimum  laboratory  monitoring 

Influent  BOD5  and  TSS 
Effluent  BOD5,  TSS,  soluble  nitrogen  (NH3, 

NO2,  and  NO3)  and  soluble  orthophosphate 

o   Additional  laboratory  monitoring  for  better  con- 
trol 

Influent  soluble  BOD  and  total  and  soluble 
COD 

Effluent  soluble  BOD5  and  total  and  soluble 
COD 

MLSS  and  MLVSS 

Influent  and  effluent  alkalinity 

Effluent  soda  (NaO)  concentration 
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7.0  OPERATION  AND  CONTROL  PROCEDURES 

7.1  GENERAL  OPERATING  PARAMETERS 

The  following  sections  discuss  the  operational  procedures 
that  are  considered  most  important  for  controlling  the  AS 
and  ASB  treatment  processes. 

Equalization  basins,  if  they  are  used,  should  be  operated  to 
minimize  sludge  accumulation  and  prevent  odors.  Mixing  and 
aeration  should  be  monitored  and  controlled  to  meet  these 

objectives.  If  sludge  does  accumulate  in  the  equalization 
basin,  it  may  need  to  be  dredged  occasionally  to  maintain 
the  basin  volume. 

7.1.1  Basin  Temperature 

Temperature  can  only  be  controlled  if  provisions  are  de- 
signed into  the  system.  Very  little  can  be  done  to  control 

the  aeration  basin  temperature  once  the  system  is  construc- 
ted and  operating.  This  is  because  factors  such  as  climate, 

aeration  systems  that  must  remain  in  operation  to  supply  oxy- 
gen, and  other  variables  that  affect  the  temperature  cannot 

be  controlled  by  the  treatment  system  operator.  The  only 

two  factors  that  reasonably  can  be  controlled  are  the  influ- 
ent wastewater  temperature  and  the  amount  of  insulating  foam 

that  accumulates  on  the  basin’s  water  surface. 

If  a   wastewater  cooling  system  has  been  installed,  it  can  be 
operated  to  maintain  a   uniform  seasonal  temperature  in  the 

basin  (preferably  within  the  30  to  35°C  range)  by  bypassing 
a   portion  of  the  flow,  if  necessary,  around  the  cooling  sys- 

tem. Little  can  be  done  if  the  incoming  wastewater  tempera- 
ture is  too  cold  to  maintain  the  system  in  this  temperature 

range,  since  heating  the  incoming  wastewater  is  usually  con- 
sidered economically  unreasonable. 

7.1.2  pH 

The  aeration  basin  pH  can  be  controlled  by  adjusting  the  pH 
of  the  incoming  wastewater.  The  recommended  approach  is  to 
adjust  the  influent  wastewater  to  a   pH  which  will  maintain 
the  aeration  basin  pH  between  6.5  and  8.5  (preferably  near 

7.0).  An  automatic  pH  control  system  for  the  incoming  waste- 
water  is  recommended  if  the  mill  wastewater  pH  is  outside  of 

this  range,  or  if  it  is  highly  variable  in  nature.  Varia- 
tions in  pH  within  this  range  should  be  held  to  a   minimum  to 

prevent  system  upsets. 
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Operating  treatment  systems  substantially  outside  of  the  rec- 
ommended pH  range  will  result  in  reduced  efficiency.  Opera- 

ting AS  systems  below  the  6.0  to  6.5  range  may  result  in  the 

growth  of  filamentous  or  other  poor-settling  species  that 
could  result  in  loss  of  process  control. 

7.1.3  Dissolved  Oxygen 

Automatic  control  of  aeration  basin  dissolved  oxygen  must 
rely  on  dissolved  oxygen  sensors  to  increase  or  decrease 
blower  output  or  turn  aerators  on  or  off.  Dissolved  oxygen 

sensors  tend  to  foul  regularly  in  mixed  liquor  and  give  erro- 
neous readings,  which  makes  automatic  control  unreliable. 

Manual  control  is  the  most  typical,  through  adjustment  of 
the  air  flow  from  blowers  or  through  turning  aerators  on  or 

off.  The  objective  is  to  maintain  a   dissolved  oxygen  concen- 
tration of  approximately  1.0  to  2.0  mg/L  in  the  basin  for 

ASBs  or  low-F/M  AS  systems  and  3+  mg/L  for  high-rate  AS  sys- 
tems . 

7.1.4  Nutrient  Levels 

Nutrient  addition  is  usually  controlled  manually  but  it  can 
be  flow  paced.  Adjustment  of  the  addition  rates  of  nitrogen 
and  phosphorus  are  based  on  effluent  analysis  of  ammonia 
nitrogen  and  phosphorus,  which  should  be  measured  daily. 
Low  residuals  of  N   and  P   (1  to  3   mg/L  and  0.3  to  0.5  mg/L, 
respectively)  should  be  measurable  in  the  treatment  system 
effluent  to  ensure  that  a   nutrient  deficiency  does  not  exist. 

From  an  operations  standpoint,  it  is  good  to  develop  influ- 
ent C0D:N:P  ratios  that  will  maintain  desirable  N   and  P 

residuals,  particularly  if  loads  fluctuate.  COD  should  be 
used  because  results  can  be  obtained  the  same  day  samples 
are  collected.  Higher  levels  of  ammonia  are  toxic  to  fish, 

and  even  to  the  treatment  system  microorganisms  at  concentra- 
tions greater  than  50  to  100  mg/L.  Ammonia  toxicity  is 

related  to  the  effluent  pH,  being  more  toxic  with  increasing 

pH . 
7.2  ACTIVATED  SLUDGE 

7.2.1  MLSS 

The  MLSS  concentration  in  the  aeration  basin  of  the  acti- 
vated sludge  process  is  controlled  by  wasting  sludge.  The 
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MLSS  concentration  may  be  controlled  based  on  sludge  age, 
which  is  calculated  using  the  formula: 

SA 

Where : 

SA 

MLSSavg 

MLSSavg  (Eq.  7.1) 
WAS  +   TSSeff 

sludge  age,  days 

average  mixed  liquor  suspended  solids 
in  the  aeration  basin  during  the 
period,  kg 

WAS  =   waste  activated  sludge  removed, 
kg /day 

TSSeff  =   effluent  TSS,  kg/day 

A   sludge  age  in  the  5-  to  10-day  range  is  typical  for  an  AS 
system.  However,  many  AS  systems  operate  on  either  side  of 
this  range.  Effluent  objectives,  operational  philosophy, 
sludge  management  strategies,  and  power  costs  are  used  to 
set  sludge  age. 

It  is  not  the  best  practice  to  control  the  system  solely 

using  a   target  MLSS  concentration,  because  long-term  varia- 
tions in  influent  feed  can  produce  excessively  high  or  low 

F/M  conditions.  Daily  control  using  F/M  is  not  prudent, 
because  F/M  is  based  on  BOD5  removal  test  results,  which 
take  5   days  to  run  and  obtain  data.  Sludge  age  is  related 

to  F/M  and  MLSS  and  can  be  determined  from  laboratory  mea- 
surements that  give  results  in  the  same  day.  The  relation- 

ship of  sludge  age  to  F/M  is  given  by  the  following  formula: 

=   a   (Fr/Mv)  -   b   (Eq.  7.2) 

Where:  a   and  b   are  the  same  as  for  Equation  5.6. 

Uncontrolled  sludge  losses  due  to  sludge  bulking  or  clari- 
fier overloading  can  reduce  MLSS  to  perhaps  undesirable  lev- 
els. This  low  MLSS  can  reduce  the  BOD5  removal  efficiency 

of  the  system,  resulting  in  high  effluent  BOD5.  The  treat- 
ment system  must  be  operated  to  minimize  the  potential  for 

uncontrolled  sludge  losses. 
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7.2.2  F/M 

The  F/M  ratio  for  the  system  is  dependent  on  BOD  load,  MLVSS 
and  basin  volume,  with  the  only  controllable  component  being 
MLVSS.  The  MLVSS  stored  in  the  clarifiers  are  not  consid- 

ered in  the  calculation  of  the  system  active  biomass  because 
these  solids  are  not  in  intimate  contact  with  the  incoming 
organic  waste  load  and  do  not  influence  the  amount  of  oxygen 
required  for  cell  synthesis  and  metabolism.  The  desired 

food-to-microorganism  ratio  operating  point  is  set  to 
achieve  regulatory  and  operating  objectives,  but  will  vary 
over  a   range  depending  on  actual  BOD  load  and  actual  MLVSS. 

F/M  should  be  held  at  +   /-15  percent  of  the  desired  operating 
point,  or  a   poor-settling  sludge  may  be  produced.  In  addi- 

tion, at  high  values  of  F/M,  the  sludge  yield  is  also  high, 
which  can  result  in  large  amounts  of  sludge  for  disposal. 

7.2.3  Return  Activated  Sludge  Consistency  and  Pumping 
Rate 

The  return  activated  sludge  pumping  rate,  along  with  the 

amount  of  WAS,  are  the  two  variables  that  can  be  used  to  con- 
trol the  AS  biological  population  in  the  treatment  system. 

To  begin  with,  there  is  a   minimum  RAS  pumping  rate  that  must 
be  maintained  which  is  based  on  a   mass  balance  of  solids  in 

the  clarifier.  The  equation  is  given  by: 

Rmin/Q 

Where: 

MLSS 
U   -   MLSS 
c (Eq.  7.3) 

Rmin  =   RAS  pumping  rate,  Lpd 
Q   =   influent  flow,  Lpd 
R/Q  =   recycle  ratio 
Uc  =   maximum  underflow  concentration  or  RAS  con- 

centration, mg/L 

The  minimum  recycle  ratio  is  based  on  a   maximum  underflow 

concentration,  which  depends  on  the  settlability  and  compact- 
ability  of  the  solids.  For  a   given  Uc,  there  is  a   minimum 
recycle  ratio  required  to  maintain  a   given  MLSS  level.  At 
recycle  ratios  above  the  minimum,  Uc  will  decrease  and  at 

ratios  below  the  minimum,  sludge  will  build  in  the  clarifi- 
ers until  it  overtops  the  launder  and  will  go  out  with  the 

effluent.  The  sludge  blanket  depth  in  the  clarifiers  is  not 
controlled  by  adjusting  the  RAS  pumping  rate,  but  by  wasting 
sludge  and  thereby  reducing  the  MLSS  concentration. 

The  consistency  of  the  RAS  is  typically  two  to  five  times 
the  MLSS  concentration,  due  to  settling  in  the  clarifiers. 
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Typical  concentrations  range  from  7,000  to  15,000  mg/L  TSS, 
depending  on: 

o   WAS,  which  controls  F/M  and  SA 

o   Settling  characteristics  (mostly) 
o   RAS  flow  rate 

o   Sludge  blanket  depth 
o   MLSS  concentration 
o   Influent  flow 

In  summary,  operators  have  the  following  controls  on  the  AS 
treatment  system: 

o   WAS,  which  controls  F/M,  SA,  and  MLSS 

o   RAS  pumping  rate,  which  must  be  set  above  the  min 
imum  recycle  ratio  for  a   given  maximum  underflow 
concentration 

o   Aeration,  which  will  control  dissolved  oxygen  con 
centration 

o   Nutrient  addition 

o   pH  adjustment 

o   Temperature,  if  cooling  is  designed  into  the  sys- 
tem 

7.2.4  Clarifier  Sludge  Blanket  Depth 

Sludge  blanket  depth  varies  over  time  depending  on  sludge 

settling  and  compaction  characteristics,  MLSS  (which  is  de- 
pendent on  wasting),  influent  flow,  and,  to  a   minor  extent, 

on  RAS  pumping.  Typically,  the  operator  should  try  to  main- 
tain a   sludge  blanket  depth  from  10  to  20  percent  of  the 

clarifier  side  water  depth  (SWD) . 

Sludge  carry-over  results  when  the  rate  of  sludge  removal  is 
less  than  the  rate  of  sludge  loading  over  a   sufficient  per- 

iod of  time  to  bring  the  sludge  blanket  near  to  the  launder. 
A   rising  sludge  blanket  may  also  result  from  reduced  sludge 
settling  characteristics  that  may  have  occurred  because  of 
poor  treatment  system  control  or  shock  loadings,  which  are 
toxic  to  the  system. 
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7.2.5  Clarifier  Solids  Loading 

Typical  solids  loading  rates  for  secondary  clarifiers  range 

from  100  to  150  kg/day/m^  (20  to  30  Ib/d/ft^).  Solids  load- 
ing is  calculated  using  the  following  formula: 

Where : 

SL 
R 

Q 
MLSS 
A 

Generally,  an  increase  in  the  RAS  pumping  rate  will  cause  an 

increase  in  the  clarifier  solids  loading  rate  and  will  re- 
sult in  a   decrease  in  the  RAS  consistency. 

7.2.6  Clarifier  Overflow  Rate 

The  clarifier  overflow  rate  is  based  on  influent  flow  and 

clarifier  area  as  expressed  in  the  formula: 

OR  =   2   (Eq.  7.5) 

Where: 

OR  =   overflow  rate,  Lpd/m^ 
Q   =   influent  flow,  Lpd 
A   =   clarifier  area,  m^ 

Overflow  rate  cannot  be  controlled  except  perhaps  by  influ- 
ent flow  equalization  or  in-plant  flow  reduction. 

7.2.7  Sludge  Volume  Index  (SVI) 

Sludge  volume  index  is  defined  as  the  volume  in  millilitres 

that  1   gram  of  sludge  occupies  following  30  minutes  of  settl- 
ing. It  is  not  a   true  measure  of  sludge  settling  rate,  but 

it  is  a   quick  indicator  to  determine  if  the  settleability  of 
the  sludge  is  changing  over  time.  It  is  not  advisable  to 
control  the  system  rigidly  with  SVI  measurements;  however, 
trends  in  SVI  can  be  related  to  filamentous  growths,  the  F/M 
ratio,  sludge  age,  dissolved  oxygen,  nutrients,  and  other 
operating  variables,  to  improve  sludge  settleability. 

SL  =   (R  +   0) (MLS
S ) 

A   X   10' 

(Eq.  7.4) 

solids  loading  rate  kg/d/m^ 
recycle  rate  (RAS  pumping  rate),  Lpd 
influent  flow,  Lpd 

mixed  liquor  suspended  solids,  mg/L 

clarifier  area,  m^ 
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Biological  sludges  vary  widely  depending  on  the  wastewater 
characteristics  and  operating  variables;  therefore,  SVIs  for 
a   given  system  or  between  similar  AS  systems  will  vary.  In 
general,  SVIs  can  be  related 

ing  scale: 

SVI 

(Millitres) 

50-80 

80-120 

120-150 
>150 

7.2.8  Waste  Activated  Sludge 
Rate 

to  settleability  on  the  follow- 

Settleabilitv 

Excellent  settling/ 

compaction 
Good  settling 
Fair  settling 
Poor  settling 

Consistency  and  Wasting 

Sludge  for  wasting  can  be  removed  from  the  AS  process  at 
three  locations: 

o   From  a   hopper  located  at  the  centre  of  the  clari- 
fier 

o   From  the  RAS  system 

o   From  the  aeration  basin 

Waste  activated  sludge  from  a   centre  hopper  typically  has  a 
concentration  between  10,000  and  20,000  mg/L.  WAS  removed 
from  the  RAS  line  will  be  of  the  same  concentration  as  the 

RAS  (typically  7,000  to  15,000  mg/L).  The  amount  to  be 

wasted  can  be  calculated  based  on  Equation  7.1,  given  in  Sec- 
tion 7.2.1,  if  the  system  operation  objective  is  to  maintain 

the  desired  sludge  age. 

7.3  AERATED  STABILIZATION  BASINS 

7.3.1  MLSS 

The  MLSS  concentration  in  ASB  systems  is  not  directly  con- 
trollable by  the  operator.  It  is  affected  by  BOD  loading, 

mixing,  deposition,  hydraulic  residence  time,  and  influent 

TSS.  None  of  these  variables  are  adjustable  from  a   practi- 
cal standpoint;  therefore,  MLSS  is  not  controllable. 

7.3.2  Sludge  Accumulation 

It  is  not  possible  to  conveniently  control  the  amount  or  lo- 
cation of  sludge  accumulation  in  an  ASB  once  the  system  is 
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constructed  and  operating.  It  is  possible  to  design  the  sys 
tem  to  anticipate  where  sludge  accumulation  will  occur. 
Areas  of  low  power  density  are  locations  where  the  sludge 
will  accumulate.  Sludge  must  be  removed  from  these  areas 
periodically  to  restore  active  treatment  volume  and  provide 
storage  space  for  future  sludge  accumulation. 

7.3.3  Basin  Dissolved  Oxygen 

The  level  of  dissolved  oxygen  in  an  ASB  is  dependent  on  aera 
tion  and  mixing  equipment  placement  and  operation  (on/ off 
sequencing)  and  the  BOD  load  applied. 

Aeration  equipment  should  be  operated  to  maintain  minimum 
recommended  DO  levels  in  the  basin.  Turning  off  aeration 

equipment  to  save  energy  is  practiced  at  various  mills.  How 
ever,  this  will  allow  solids  to  settle  in  the  area,  and  they 
will  be  resuspended  when  the  equipment  is  restarted.  This 
may  possibly  lead  to  a   TSS  or  BOD5  permit  exceedance. 
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8.  ACHIEVABLE  EFFLUENT  QUALITY 

Table  5   summarizes  data  available  from  literature  regarding 
achievable  effluent  quality  using  AS  and  ASB  systems  for  BKP 

and  CTMP.  Very  little  data  is  available  on  CTMP  treated  ef- 
fluent, particularly  that  treated  with  the  AS  process.  This 

is  because  there  are  not  many  CTMP  mills  operating  from 
which  to  collect  data  and  AS  data  are  not  widely  published. 
The  published  BOD5  and  TSS  data  indicate  that  not  all  mills 
treating  BKP  and  CTMP  wastewater  with  AS  and  ASB  processes 

are  designed  or  operated  to  meet  Alberta  Environment’s  de- 
sirable limits  of  3   kg/ADt  of  BOD  and  5   kg/ADt  of  TSS. 

Table  5 

REPORTED  EFFLUENT  QUALITY 

Activated  Sludee ASBs 
Parameter BK CTMP BK CTMP 

BOD5,  kg/ADt 3-5 8 
2-10 2-10 

TSS,  kg/ADt 
5-10 

7 
1-20 

15-40 

COD,  kg/ADt - 
50 

- 
50 

Acute  Toxicity, 
LC50 ,   % 

- 
50 

- 
100 

Resin  and  Fatty 
Acids,  g/ADt 

- - 
5-700 

0.44-140 

Chlorinated  Compounds 
TOX,  mg/L 21 NA - NA 

T0C1,  kg/ADt <0. 1-2.6 NA 

0.1-4 NA AOX,  kg/ADt 0.6-2. 9 NA 3.9 
NA Dioxin  and 

Furans,  ug/ADt 

7-20 NA 
0.3-20 

NA 

NA--not  applicable 

Notes  The  values  shown  are  a   compilation  of  values  based  on 
experience  and  literature. 

In  any  biological  treatment  system,  the  effluent  total  BOD 
includes  a   component  related  to  the  effluent  TSS.  For  pulp 

and  paper  mill  effluents,  biological  treatment  typically  re- 
moves the  soluble  fraction  of  the  BOD5  to  relatively  low 

levels,  often  to  within  the  5   to  50  mg/L  range.  With  the 
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soluble  fraction  low,  the  ability  of  the  clarifiers  in  the 

AS  process  or  the  solids  settling  section  of  the  ASBs  to  re- 
move solids,  plays  a   major  role  in  determining  what  the  ef- 

fluent total  BOD5  will  be.  Values  of  0.15  to  0.4  kg  B0D5/kg 
TSS  in  the  effluent  are  often  encountered,  depending  on  F/M, 
SRT,  and  nondegradable  solids  concentration. 

For  an  independent  assessment  of  achievable  effluent  quality 

from  BKP  and  CTMP  mills,  an  analysis  was  made  using  the  pre- 
viously described  kinetic  models  and  the  assumptions  for  the 

coefficients  and  design  parametres  used  in  these  models.  To 

provide  a   range  of  expected  performance,  one  set  of  assump- 
tions represented  conservative  AS  design  criteria,  low  water 

use  rates  appropriate  for  newer  mills,  and  optimistic  per- 
formance relationships,  while  another  set  of  assumptions  was 

selected  to  represent  more  typical  design  criteria  higher 
water  use  rates  and  average  performance  relationships. 
Using  this  analytical  approach,  the  range  of  achievable  BOD5 
and  TSS  effluent  quality  was  estimated  to  be  as  follows: 

Table  6 

CALCULATED  ACHIEVABLE  EFFLUENT  QUALITY 

BK  CTMP 

BOD5,  kg/ADt  2.5-8. 1   1.4-4. 7 

TSS,  kg/ADt  7.5-15.6  3. 0-6.0 

The  lower  values  for  CTMP  result  primarily  because  much 
lower  water  usage  is  forecast  for  this  process  per  ADt  than 
for  BKP  and  the  minimum  levels  of  TSS  attainable  were 

assumed  for  the  effluent.  It  must  be  emphasized  that  these 
estimates  were  based  on  a   broad  range  of  assumptions.  It 
cannot  be  overemphasized  strongly  enough  that  only  data  from 
pilot  testing  or  an  analysis  of  similar  existing  systems  can 

realistically  be  used  to  develop  sound  estimates  of  achiev- 
able performance. 

Data  regarding  the  ability  of  AS  and  ASB  systems  to  detoxify 

wastewater  is  very  incomplete.  Reductions  of  30  to  50  per- 
cent in  chlorinated  organics  (Gergov,  et.  al. ,   1988)  and 

80  to  90  percent  of  fatty  acid  resin  acids  have  been 
reported  in  extended  aeration  or  long  detention  (10  day+) 
ASB  systems.  However,  the  incoming  wastewater  from  the  CTMP 
process  may  contain  such  high  levels  of  fatty  resin  acids 
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levels  of  fatty  resin  acids  that  even  90  percent  reduction 
will  not  likely  detoxify  the  wastewater  to  anticipated 

permit  levels.  If  this  is  the  case,  additional  pre-  or  post 
treatment  steps  will  need  to  be  combined  with  biological 
treatment  systems. 

Wastewater  color  can  be  intensified  by  biological  treatment, 
particularly  CTMP  wastewater.  Additional  treatment  steps 
would  be  necessary  for  color  control. 

Effluents  from  both  BKP  and  CTMP  mills  will  contain  trace 

levels  of  nitrogen  and  phosphorous,  as  discussed  in  previous 

sections.  Attempting  to  control  the  effluents  to  lower  lev- 
els may  jeopardize  the  performance  of  biological  treatment 

systems. 

It  is  possible  to  improve  effluent  quality  beyond  that  achie 

vable  with  AS  or  ASBs.  Technologies  such  as  carbon  adsorp- 
tion, color  removal,  mixed  media  filtration,  and  others  have 

been  tested  and  found  to  improve  effluent  quality.  However, 

the  cost  of  these  technologies  is  very  high  compared  to  bio- 
logical treatment,  both  on  a   capital  cost  and  operating  cost 

basis.  Other  technologies,  such  as  reverse  osmosis,  ultra- 
filtration, and  ion  exchange  are  not  likely  candidates  for 

effluent  treatment  because  of  the  potential  for  biological 
and  other  forms  of  fouling. 
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9.  UPGRADING  AERATED  STABILIZATION  BASINS 

Upgrading  ASBs  typically  involves  increasing  the  volume  and/ 
or  aeration  of  the  ASB  system  or  converting  the  ASB  to  an  AS 
system.  Increasing  the  volume  and  aeration  is  usually  in 
response  to  increased  mill  production  and  effluent  loads  and 
should  follow  the  design  guidelines  outlined  in  Section  6. 

This  section  discusses  upgrading  an  ASB  system  to  an  AS  sys- 
tem. 

The  design  of  the  system  will  need  to  be  based  on  the  AS  de- 
sign guidelines  discussed  in  Section  5.  The  items  that  need 

special  consideration  in  converting  to  an  AS  system  include: 

o   Aeration  basin  leakage,  mixing  and  erosion  protec- 
tion 

o   Temperature  considerations 

o   Hydraulic  considerations 

9.1  LEAKAGE,  MIXING,  AND  EROSION 

The  mixing  intensity  of  an  AS  aeration  basin  is  much  higher 

than  an  ASB.  To  prevent  erosion  of  the  dike  or  bottom  mate- 
rials, special  consideration  needs  to  be  given  to  the  lining 

of  the  basin.  From  a   regulatory  standpoint,  changing  the 
configuration  of  a   pond  may  make  it  necessary  to  comply  with 
any  new  leakage  restrictions  and/or  liner  requirements. 
There  are  three  types  of  pond  liners  usually  used  for  pulp 
and  paper  mill  effluent  treatment  ponds: 

o   Clay  liners  with  erosion  protection 
o   Synthetic  liners 
o   Concrete  liners 

An  evaluation  should  be  made  based  on  the  following  criteria 
to  determine  which  liner  type  should  be  used: 

o   Leakage  requirements 
o   Risk  associated  with  minor  leakage 
o   Mixing  intensity 
o   Basin  dewatering  requirements 
o   Economics 

From  a   leakage . standpoint ,   it  is  becoming  increasingly  diffi- 
cult to  meet  stricter  leakage  limits  with  clay  liners.  The 

range  of  permeabilities  possible  using  clay  liners  is  10“6 
to  10“'  cm/ sec.  Clay  liners  must  be  protected  from  erosion 
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and  the  level  of  required  protection  is  dependent  on  mixing 
intensity.  Riprap  is  usually  installed  as  a   cover  material 
in  areas  of  high  mixing  intensity  and  in  the  wave  zone. 
Sand  or  certain  natural  soils  can  be  used  in  areas  of  low 

mixing  intensity.  Under  aerators  and  near  mixing  equipment 
it  may  be  necessary  to  install  protective  concrete  pads. 

Often,  the  aeration  basin  is  located  near  to  and  upgradient 
(groundwater  direction)  from  the  receiving  water  body. 
Minor  leakage  from  the  basin  will  usually  make  its  way  to 

the  receiving  waters  with  relatively  minor  effects  on  ground- 
water  and  receiving  water  quality.  There  may  be  cases  where 
these  generalities  do  not  hold  true;  therefore,  each  basin 
must  be  evaluated  individually. 

Dewatering  a   clay-lined  basin  can  destroy  its  integrity  be- 
cause the  liner  will  crack  due  to  shrinkage  resulting  from 

loss  of  moisture.  If  routine  dewatering  is  necessary,  a   syn- 
thetic liner  or  a   concrete  liner  should  be  considered. 

Synthetic  liners  can  meet  the  leakage  limits  if  they  are  pro- 
perly installed,  but  they  are  not  without  problems.  Several 

lined  ponds  have  had  their  liners  float  to  the  surface  due 
to  gas  accumulation,  which  originates  from  decaying  organic 
material  or  chemical  reactions  under  the  liner.  The  liner 

must  then  be  punctured  to  allow  it  to  return  to  the  bottom. 

Special  design  provisions  must  be  incorporated  into  the  dike 
and  bottom  shape,  construction  materials,  and  liner  to  vent 
any  gasses  that  may  form.  Without  venting,  the  liner  may 
float  and  lose  its  effectiveness  as  a   barrier. 

Synthetic  liners  are  usually  covered  with  a   layer  of  sand  or 
suitable  native  soil  after  installation.  This  cover  mate- 

rial may  require  protection  against  erosion  near  aeration 

and  mixing  equipment  or  in  wave  zones.  In  addition,  protec- 
tion against  ultraviolet  degradation  may  be  required  where 

the  liner  is  exposed  to  sunlight. 

The  final  criteria  used  to  decide  upon  the  liner  type  is  eco- 
nomics. If  either  of  the  three  liner  types  can  be  used  from 

a   technical  standpoint,  the  least  expensive  option  will  prob- 
ably be  selected. 

9 . 2   TEMPERATURE  CONSIDERATIONS 

An  AS  system  converted  from  an  ASB  will  have  a   smaller  sur- 
face area  than  the  original  ASB  basin  because  ASBs  require 
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longer  hydraulic  residence  times.  Revised  equilibrium  tem- 
perature estimates  will  need  to  be  made  to  assess  the  need 

for  wastewater  cooling  and  the  impact  on  treatment  effi- 
ciency. 

9.3  HYDRAULIC  CONSIDERATIONS 

ASBs  are  usually  earthen  structures  that  are  partially  re- 
cessed into  the  ground.  For  the  AS  process,  it  is  best  if 

the  MLSS  flows  by  gravity  from  the  aeration  basin  to  the 

clarifiers,  to  prevent  shearing  of  the  floe  and  the  result- 
ing poor  settling  which  can  occur  if  the  MLSS  is  pumped. 

Depending  on  the  available  head  between  the  aeration  basin 

and  the  receiving  waters,  it  may  not  be  hydraulically  possi- 
ble to  place  the  clarifier  after  the  aeration  basin  without 

pumping.  If  MLSS  pumping  is  necessary,  a   low  shear  pumping 
system  must  be  used.  Another  option  might  be  to  recess  the 
clarifier  to  allow  gravity  flow  from  the  aeration  basin,  and 
then  pump  the  effluent  to  the  receiving  waters. 

CV0R1 17/05 1 .WP 
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